(19) 



Europaisch s Pat ntamt 
Europ an Pat nt Office 
Offic urop n d s brevet 



(12) 



(id EP 0 629 009 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
06.08.1997 Bulletin 1997/32 

(21) Application number: 94101200.7 

(22) Date of filing: 27.01.1994 



(51) Intel.*: H01M 2/02, C21D 9/48, 
B21D 22/20 



(54) Battery can, sheet for forming battery can, and method for manufacturing sheet 

Batteriebehalter, Blech fur die Formgebung des Batteriebehalters und Verfahren fur die Herstellung 
des Bleches 

BoTtier de batteries, tole pour former un boitier de batteries et m6thode pour manufacturer une telle tole 



m 

o> 

o 
o 

o> 

CM 
CO 

o 

CL 
LU 



(84) Designated Contracting States: 
BEDE ESFR GB IT NL 

(30) Priority: 04.06.1993 JP 134987/93 
04.06.1993 JP 134988/93 
04.06.1993 JP 134989/93 
04.06.1993 JP 134990/93 

(43) Date of publication of application: 
14.12.1994 Bulletin 1994/50 

(73) Proprietor: KATAYAMA SPECIAL INDUSTRIES, 
LTD. 

Osaka-shi, Osaka-fu (JP) 

(72) Inventors: 

• Sugikawa, Hirofumi, Katayama Special Ind., Ltd. 
Yodogawa-ku, Osaka-shi, Osaka-fu (JP) 



• Michibata, Sachio, Katayama Special Ind., Ltd. 
Yodogawa-ku, Osaka-shi, Osaka-fu (JP) 

• Hayashi, Keiichi, Katayama Special Ind., Ltd. 
Yodogawa-ku, Osaka-shi, Osaka-fu (JP) 

(74) Representative: Glawe, Delfs, Moll & Partner 
Patentanwalte 
Postfach 26 01 62 
80058 MGnchen (DE) 



(56) References cited: 
EP-A-0173 906 
DE-A- 3 229 246 



EP-A- 0 524 098 
US-A- 5 078 809 



• PATENT ABSTRACTS OF JAPAN, unexamined 
applications, E section, vot. 17, no. 289, June 3, 
1993 THE PATENT OFFICE JAPANESE 
GOVERNMENT page 130 E 1375; & JP-A-5 
021044 (KATAYAMA) 



Not : Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notic to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until th opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 629 009 B1 

D scription 

BACKGROUND OF THE INVENTION 

5 Fi Id of the Invention 

The present invention relates to a battery can to be processed by drawing and ironing, a sheet for forming the 
battery can, and a method tor manufacturing the sheet. 

10 Description of the Related Arts 

Normally, a cylindrical battery can comprises a closed surface, which is disposed at one end thereof and serving 
as a positive side and an opening portion, which is disposed at the other end thereof and serving as a negative side, 
on which a cover is installed. The battery is manufactured by progressive pressing method as shown in Fig. 1. 
is According to progressive pressing method, a coiled steel sheet S to be processed into battery cans is punched 

into a plurality of circular substrates M. Deep drawing is performed on each of the substrates M to form a cylindrical 
wall M-2 vertically on the peripheral surface of a bottom surface M-1 as shown in Fig. 1. Then, deep drawings are 
repeatedly performed in 8-12 processes to manufacture a cylindrical pipe to be used as a battery can having a required 
depth and diameter. 

20 in the progressive pressing method, the cylindrical wall M-2 is drawn so that the thickness of the cylindrical wall 

M-2 becomes almost equal to that of the bottom surface M-1. Therefore, when the sheet S is drawn at 0.25u/n, the 
thickness of the cylindrical wall of a battery can becomes approximately 0.24um Because the outer diameter of the 
battery can is regulated, preferably, the thickness of the battery can is formed to be as small as possible to make the 
inner diameter thereof large so that the space in the battery can is great, i.e., a greater amount of filler can be supplied 

2S to the battery can so as to increase the electric power of a battery. 

In the conventional progressive pressing method, however, the thickness of the cylindrical wall and the bottom 
wall are reduced to the same percentage and yet it is necessary to make the thickness of the bottom wall larger than 
a required thickness. That is t it is difficult to reduce only the thickness of the cylindrical wall greatly. Accordingly, it is 
difficult for the conventional progressive pressing method to increase the electric power of the battery because a large 

30 amount of filler cannot be charged in the space of the battery. In addition, it is also difficult to reduce manufacturing 
cost because many processes are required to manufacture the battery can. 

Drawing and ironing process method as shown in Fig. 2 has been recently developed as a method for manufacturing 
the battery can. According to this method, a steel sheet S is drawn and punched Into substrates M in the form of shallow 
cylindrical cups each having a bottom wall M-1 and a cylindrical wall M-2 and each cup is processed into a cylindrical 

35 configuration having a required depth and diameter by a subsequent deep drawing process. 

In deep-drawing the cup by using the above drawing and ironing process, only the cylindrical wall is drawn. There- 
fore, the thickness of the cylindrical wall can be reduced to 0. 1 8mm, whereas the thickness of the bottom wall is 0.4mm. 
That is, thickness-reducing percentage is a little more than twice as great as that of conventional percentage. Therefore, 
a greater volume of the space of the battery cup can be provided. Thus, a greater amount of filler can be supplied into 

40 the space of the battery can. In this manner, the electric power of the battery can can be increased. 

In addition, the battery can can be manufactured by only two processes. That is t the battery can be manufactured 
by only the process of drawing and punching the steel sheet S into cups and the process of deep-drawing the cups. 
Therefore, the battery can can be manufactured by a much smaller number of processes and thus at a low cost. 
But the above-described deep-drawing method has the following problems. That is, in the progressive pressing 

^5 method, the substrate M is drawn gradually in 8-1 2 processes without taking elongation coefficient (in-plane anisotropy) 
in lengthwise, widthwise, and oblique directions into consideration. 

That is, in the above-described deep-drawing method, as shown in Fig. 3, the height of the cylindrical wall is not 
uniform, i.e., the highest portion A of the wall M-2 is higher by approximately 5mm the than the lowest portion B thereof. 
That is, earring occurs if elongation coefficients in lengthwise, widthwise, and oblique directions are different from each 

so other and if the thickness of a material steel sheet is not uniform. The earring is generated in cupping process and the 
difference between the highest portion of the wall and the lowest portion thereof becomes large in deep drawing process. 

When strain is applied to a steel sheet in rolling direction (lengthwise direction X) as shown in Fig. 4 in such a 
manner that the steel sheet elongates within a uniform elongation coefficient, let it be supposed that the width and 
thickness of the steel sheet before deformation occurs in lengthwise direction X are and t x0 , and the width and 

55 thickness of the steel sheet after deformation occurs in lengthwise direction X are W x and t x , anisotropy (rank hoard 
value or also called Lankford value r x ) of deformation with respect to force acting in the rolling direction is expr ssed 
by the following equation (1): 
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r x = ln(W x /W x0 )/ln(t x /t x0 ) 0) 

The rank hoard value r y of force acting in widthwise direction Y and that r 2 of force acting in oblique direction Z 
forming 45° with the lengthwise direction X are expressed similarly to the equation (1 ). In-plane anisotropy (Ar) among 
lengthwise direction X, widthwise Y, and oblique direction X is expressed by the following equation (2): 

Ar = (r x + r y )/2-r z (2) 

Experiments conducted by the present inventors indicate that the generation percentages of the earring are dif- 
ferent from each other depending on the rank hoard value r and the in-plane anisotropy Ar. 

That is, the generation percentage of earring is high unless the rank hoard value r is more than a predetermined 
value and if the absolute value of the Ar is great. Earrings are formed as follows: Projections, namely, so-called an 
earring is formed at four points at an interval of 90° on the upper end of the cylindrical wall of the battery can. If the in- 
plane anisotropy Ar is positive, projections are generated at 0° and 90° in lengthwise direction X. If the in-plane ani- 
sotropy Ar is negative, projections are generated at 45° in lengthwise direction X. When the absolute value of the in- 
plane anisotropy Ar approaches 0, six earrings are generated, i.e., the difference between the highest portion of the 
wall and the lowest portion of the wall of the battery can becomes smaller. 

Supposing that the highest position of earring is A, the lowest position is B, and the required lowest position is C 
as shown in Fig. 3, it is necessary to cut the cylindrical wall at the lowest position B. As a result, the length between 
the bottom surface and the position B is short by the length between the position B and the position C. 

If the steel sheet is drawn so that the length of the cylindrical wall is longer, i.e., the position B is higher than the 
position C, the length between the position A and the position C is greater. In this case, the sheet is wastefully consumed. 

In order to prevent the generation of earring, it is necessary to make the rank hoard value r in each of the lengthwise 
direction, the widthwise direction, and the oblique direction more than a predetermined value and in addition, make 
the in-plane anisotropy Ar found by the difference among the rank hoard values approach zero. But it is very difficult 
to do so. 

It is well known that when a material steel plate is rolled, the center portion thereof in the widthwise direction 
becomes greater and both edge portions thereof become smaller and hence the material steel plate is not rolled uni- 
formly widthwise. When a sheet punched from the steel plate having a nonuniform thickness or a sheet punched from 
edge portion of such a steel sheet is deep-drawn, elongation coefficient of the sheet is nonuniform and thus the gen- 
eration percentage of earring is high. 

In forming the sheet into the battery can by drawing and ironing processing, cracks are likely to occur at the bound- 
ary, to be bent, between the bottom wall and the cylindrical wall of the battery can unless the sheet has a high ductility. 
As a result, the battery can is not corrosion -resistant. 

In the above-described progressive pressing processing, the surface roughness of a sheet is high because trie 
sheet is drawn gradually in many processes, whereas in the drawing and ironing processing, the surface roughness 
of the sheet is low and the surface thereof becomes smooth like a mirror surface because the thickness of the sheet 
is reducedto approximately 1/2 of the original thickness in two processes. That is, in the drawing and ironing processing, 
the inner surface of the cylindrical wall of the battery can, which contacts filler, becomes smooth like a mirror surface 
and thus has a high contact resistance and the battery is thus deteriorated in its electrical performance. 

Preferably, the inner surface of the cylindrical wall of the battery can has a high surface roughness so as to reduce 
the contact resistance to increase its electrical performance, whereas preferably, the outer surface of the cylindrical 
wall of the battery can has a low surface roughness, namely, a smooth surface like a mirror surface because the outer 
surface of the cylindrical wall is corrosion-resistant and looks fine in its appearance. 

As apparent from the foregoing description, in selecting the steel sheet, the most important point is property of 
thickness-reduction percentage namely, it is most important that the thickness thereof can be reduced at more than a 
predetermined percentage and the second most important requisite is that the inner surface of the cylindrical wall of 
the battery can has a great surface roughness affecting the electrical characteristic of the battery can and in addition, 
the outer surface of the cylindrical wall has a favorable corrosion -resistant performance and brightness. 

The thickness-reduction percentage of the wall of the battery can, corrosion-resistant property of the inner surface 
of the wall, and brightness of the outer surface of the battery can are correlative to each other. More specifically, the 
more favorable thickn ss-reduction percentage is, the worse the electrical battery characteristic is, and vice versa. 

More specifically, in using a sheet comprising a 5-6um thick Fe-Ni diffusion layer formed on each surface of the 
steel sheet and a nickel-plated lay r formed on each Fe-Ni diffusion layer, the Fe-Ni diffusion layer to be disposed on 
the inner surface of the cylindrical wall of the battery can is thick and hard. As a result, the nickel-plated layer are 
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cracked like wedges in drawing and ironing processing. The cracks affects favorably in the electrical performance ot 
the battery can because the contact resistance of the inner surface to filler which is supplied into the battery can and 
is brought into contact with the inner surface is low. But the sheet cannot be drawn favorably, i.e., earring is generated 
on the upper end of the wall of the battery can. In addition, because the outer surface of the wall of the battery can is 
s as thick as 5-6jim, cracks are likely to be generated on the outer surface in drawing and ironing processing. 

The conventional steel sheet to be processed into the battery can by the drawing and ironing processing comprises 
a low carbon steel containing carbon at 0.04-0. 05wt%. The stee! sheet is manufactured by the method as shown in 
Fig. 5. 

That is, at step #1 slab is hot-rolled, and at step #2 : the hot-rolled steel plate is cold-rolled. At step #3, the non- 
10 annealed cold-rolled steel plate is batch-annealed, and at step #4, refining rolling is carried out. A step #5, the upper 
and lower surfaces of the steel plate is plated. Thereafter, continuous annealing and refining rolling are performed on 
the plated steel plate at step #6 and step #7, respectively. Then, the steel plate is plated at step #8. 

In the above conventional manufacturing method, however, batch annealing (step #3) has the following disadvan- 
tages: 

15 In the batch annealing, steel sheets S' are annealed in an annealing oven W by piling them one on the other in a 

hoop configuration. Therefore, in order to prevent them from being coalesced with each other and thus damaged, it is 
necessary to apply sodium silicate to the surface of each steel sheet S' to form a film thereon. But when the film of 
sodium silicate has been broken, the film becomes powders and in addition, iron powders are generated, thus causing 
the surface of the steel sheet to deteriorate. In particular, when iron powders have adhered to the surface of a roll for 

20 rolling the steel sheet (step #4), iron powders are transferred to the steel sheet. 

In addition, as shown in Fig. 7, the steel sheet S' is heated at 550-600°C for an hour and the temperature is 
maintained at 550-600°C for 2-10 hours. Then, the steel sheet S' is gradually cooled to 1 00°C in 23-33 hours. Therefore, 
the period of time required from the start of annealing until the take-out of the steel sheet S' from the oven W is as long 
as about 36 hours, which causes manufacturing cost to be high. 

zs Further, because the steel sheets S' are annealed in a hoop configuration, heat is not uniformly distributed to the 

steel sheet S' and hence it is difficult to anneal them uniformly. 

In the continuous annealing to be performed at step #6, the steel sheet is annealed while it is being transported 
by rolls. Therefore, it is unnecessary to apply sodium silicate to the surface of the steel sheet S' to form a film thereon 
and heat is uniformly distributed to the steel plate S\ In the continuous annealing, as shown in Fig. 8, the steel sheet 

30 s 1 is rapidly heated to 600-900°C for a minute, and the temperature is maintained at 600-900 0 C for 30 seconds. Then, 
the steel sheet is cooled to 400°C in 20 seconds, and then, over-aging processing is performed for 150 seconds. 
Thereafter, the steel sheet S' is rapidly cooled to 100°C in 15 seconds. Thus, the period of time required from the start 
of the continuous annealing until the take-out of the steel sheet S' from the oven W is as short as about five minutes. 

Continuous annealing cannot be performed in the case of low carbon steel containing carbon at 0.04-0.05wt% at 
step #3 instead of batch processing for the following reason: 

That is, at the room temperature, a solid solution (ferrite) and Fe 3 C (pearlite) are in a mixed state in the low carbon 
steel. When the low carbon steel has not been annealed, cementite (carbon atoms A) in ferrite tends to concentrate 
on a dislocation portion D as shown in Fig. 9. When an external force is applied to the steel plate, the dislocation portion 
D moves along a sliding surface X. As a result, resistance generated by cementite is added to the resistance to the 

40 movement of the dislocation portion D, so that cementite has concentrated on the dislocation portion D. Consequently 
yield point elongation Y1 is generated as shown in Fig. 10A. Stretcher strains are generated on the surfaces of the 
battery can V as shown in Fig. 11 when a steel sheet having the yield point elongation Y1 is drawn and ironed. In 
particular, because the top surface 1a' of the battery can 1' is exposed to the outside, the presence of the stretcher 
strain on the top surface 1a' of the battery can V is commercially defective. 

45 When the low carbon steel is heated, cementite becomes a super-saturated solid solution and thus re-solidified. 

Therefore, the yield point elongation Y1 disappears as shown in Fig. 1 0B when annealing and refining rolling are carried 
out. The steel plate is heated rapidly and cooled in continuous annealing as described above. Accordingly, strain is 
not completely removed from the steel plate by re-crystallization. Consequently, the yield point elongation Y1 (time- 
aging) is generated again as shown in Fig. 10C with the elapse of time. In batch annealing, because the steel sheet 

so j s gradually heated and cooled and thus crystal having no strain is formed namely, aging does not occur. For the reason 
described above, in order to prevent the generation of stretcher strain, continuous annealing is inappropriate for an- 
nealing the cold-rolled plate. Thus, batch annealing cannot but be adopted for low carbon steel containing carbon at 
0.04-0.05wt%. 

The above-described drawing and ironing processing has the following disadvantage because the thickness of 
55 the steel sheet is reduced to approximately 1/2 of the original thickness thereof by a die shown in Fig. 12: That is, the 
friction coefficient of the peripheral surface 51 a of a cup 51 made of a sheet to be processed into the battery can 1 and 
that of the surface 52a of a die 52 which slidingly contacts the peripheral surface 51a are very great. Similarly, th 
friction coefficient of the inner surface 51 b of the cup 51 and that of the out r surf ac 53a of a punch 53 which slidingly 
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contacts the inner surface 51b are very great. 

Accordingly, the longevity of the die 52 and that of the punch 53 becom very short. In addition, a great force is 
required to separate the punch 53 and the punched battery can from each other. 

Normally, lubricating oil is applied to the upper and lower surfaces of a sheet to be processed into the battery can 
s befor a blanking processing is carried out. Because the upper and lower surfaces of the sheet is smooth, lubricating 
oil is apt to drop therefrom and often decreases or is exhausted before or when the drawing and ironing proc ssing is 
carried out after the blanking processing and cupping processing are performed. 

Lubricating oil may be supplied to the periphery of the hole of the die and the outer surface of the punch. But 
because the thickness of the material sheet is reduced to a great extent, lubricating oil is exhausted soon. As a result, 
io it is necessary to supply lubricating oil frequently to the periphery of the hole of the die and the outer surface of the 
punch. That is, operational performance is low. 

JP-A-521044 discloses a battery can and a forming material thereof comprising Ni plated steel plate such that a 
Ni plating is applied on an external and an internal surface of the cold-rolled steel plate. The battery can is formed by 
drawing and ironing so that a cylindrical battery can, the end of which being opened, is formed. A hard plating layer 
is containing a number of cracks, caused during drawing, is provided on the inner surface of the peripheral wall of the 
battery can. The contact area between the wall and a charging material charged in a hollow part of the can is increased 
by the cracks. The hard plated layer is provided on one surface of the Ni-plated steel plate which will become the 
internal surface. 

US-A-5078809 discloses a method for producing a cold-rolled steel sheet which comprises the steps of producing 
20 slabs containing 0.001 -0.003 wt % C, 0.004 wt. % or less N and 0.03-0.20 wt. % R providing that P(wt %) x N(wt.%) 
^ 3x1 0" 4 wt. % is satisfied; hot-rolling the slabs into hot-rolled steel strips; cold-rolling the hot-rolled steel strips at 
60-95% reduction ratio into cold-rolled steel strips; and annealing continously the cold-rolled strips at temperature of 
recrystallization temperature to Ac 3 transformation point temperature. The slabs further include 0.0005-0.0030 wt. % 
B. The hot-rolling is performed at finishing temperature ranging Ar 3 transformation point to Ar 3 transformation + 1 00°C, 
25 at cooling temperature of 750° C. and less. 

EP-A-01 73906 discloses a special rolling techniques foreseeing different stress directions developed during rolling, 
wherein the cooperative press rolls, e.g. having their axes inclined relative to each other. By this rolling techinques the 
in-plane anisotropy due to the prefered mechanical deformation normally occuring in a certain direction is greatly re- 
duced. 

30 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to provide a sheet, to be processed into a battery can, having 
an elongation coefficient constant in the longitudinal, width, and oblique directions thereof in order to prevent or reduce 
35 the generation of earring in drawing and ironing processing. 

It is a second object of the present invention to provide a sheet, to be processed into a battery can, which has a 
high surface roughness on a surface corresponding to the inner surface of the cylindrical wall of the battery can and 
a small surface roughness on a surface corresponding to the outer surface of the cylindrical wall of the battery can so 
that the outer surface has a high corrosion-resistant property and is fine in its external appearance and which is suitable 
for drawing and ironing processing. 

It is a third object of the present invention to provide a sheet, to be processed into a battery can, having a high 
ductility to prevent cracks from being generated cracks on the cylindrical wall of the battery can and improve corrosion- 
resistant property. 

It is a fourth object of the present invention to provide a steel sheet in which aging of strain does not occur so as 
45 to accomplish continuous annealing and reduce manufacturing period of time and cost. 

It is a fifth object of the present invention to provide, a sheet, to be processed into a battery can, having a rough 
surface so as to hold lubricating oil thereon reliably so that a drawing die has a long life and drawing and ironing 
processing can be performed at a high speed. 

These objects are achieved by a battery can according to claim 1, a sheet for forming a battery can according to 
50 claim 11 and a method for providing a sheet for forming a battery can according to claims 24 or 25. The further claims 
are related to different advantageous aspects of the present invention. 

In carrying out the present invention, there is provided a battery can comprising a cylindrical wall and a bottom 
surface disposed at the other end thereof, and formed by drawing and ironing, wherein the cylindrical wall and the 
bottom surface have a plated layer formed on each surface thereof, and elongation coefficients in lengthwise, widthwise 
55 and oblique directions of the plated steel sheet are predetermined approximately uniform. It is preferable that the plated 
steel sheet has more than 1.2 as a rank hoard value (r) which is a width deformation degree in a lengthwise direction 
thereof/a thickness deformation degree in the lengthwise direction thereof, a width deformation degree in a widthwise 
direction thereof/a thickness deformation degree in the widthwise direction thereof, a width deformation degree in an 
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oblique direction thereof/a thickness deformation degree in the oblique direction thereof; and in-plane anisotropy Ar 
which is the difference among the rank hoard values (r) is set to be less than ±0.15 so that th elongation coefficient 
of the plated steel plate in lengthwise, widthwise, and oblique directions is almost constant. 

In carrying out the present invention in still another preferred mode, there is provided a steel sheet which is to be 

5 processed into a battery can by drawing and ironing. An upper and lower surface of a steel base plate are plated, and 
elongation coefficients in lengthwise, widthwise and oblique directions of a plated sheet are predetermined approxi- 
mately uniform. As the elongation coefficient of the plated steel sheet is almost uniform in the lengthwise, widthwise, 
and the oblique directions thereof, the thickness of the sheet can be favorably reduced and in addition, earring is not 
generated on the upper end of the cylindrical wall of the battery can. Preferably, the sheet comprises a cold-rolled low 

io carbon steel plate containing carbon at less than 0.009 wt% and a plated layer formed on the upper and lower surface 
of the steel plate. 

The sheet is manufactured by the step of hot-rolling a slab, then the step of cold-rolling at rolling percentage 80-90 
according the kind of steel. Further the cold-rolled steel is annealed continuously so that the non-annealed cold-rolled 
steel plate contains carbon at a very small percentage by weight i.e., less than 0.009wt%, then the plated layers on 
15 the upper and lower surfaces of the steel plate are formed. 

It is possible to continuously anneal the non-annealed cold-rolled steel plate after forming the plated layers on the 
upper and lower surfaces of the steel plate. 

The very low carbon steel plate containing carbon at less than 0.009wt% does not age and thus a yield point 
elongation does not occur after annealing processing is carried out. Accordingly, the sheet of the present invention 
20 having the plated layers formed on the very low carbon steel plate can be continuously annealed after it is cold-rolled. 
Thus, the sheet can be manufactured in a short period of time. 

Because the yield point elongation does not occur after annealing processing is carried out, stretcher strain is not 
generated and hence, the battery can look fine. 

The plated layer formed on the upper or lower surface of the rolled steel plate is a hard plated layer which is cracked 
25 in both surfaces thereof in drawing and ironing processing. 

Preferably, a bright plated layer is formed on a surface of the steel plate to be disposed on the outer surface of 
the cylindrical wall of the battery can. 

Preferably, a hard plated layer is formed on one surface of the steel plate via a Fe-Ni diffusion layer, and a Fe-Ni 
diffusion layer is formed on the other surface of the steel plate. It is possible to impart brightness on the surface of the 
30 Fe-Ni diffusion layer to be disposed on the outer surface of the cylindrical wall of the battery can depending on pressure- 
reducing condition in performing refining rolling. In this case, the bright plated layer may not be formed on the surface 
of the Fe-Ni diffusion layer. 

According to the above construction, the hard nickel plated layer is formed on one surface of the steel plate to be 
disposed on the inner surface of the cylindrical wall of the battery can in drawing and ironing processing. Therefore, 
35 many cracks can be generated on the hard plated layer in drawing and ironing processing. 

As above-mentioned, the bright plated layer is formed on the surface of the steel plate to be disposed on the outer 
surface of the cylindrical wall of the battery can. The thin Fe-Ni layer is formed between the bright plated layer and the 
steel plate and between the hard plated layer and the steel plate. Thus, the battery can is corrosion-resistant and the 
outer surface of the cylindrical wall of the battery can is bright. 
40 in carrying out the present invention in a preferred mode, there is provided a method for manufacturing a steel 

sheet to be processed into a cylindrical battery can which is open in one end thereof and formed by drawing and ironing, 
comprising the steps of: hot-rolling casted slab to form a steel plate; cold-rolling the steel plate at a rolling percentage 
of 80-90 according to the kind of steel; making the elongation coefficient of the cold-rolled plate almost uniform in a 
lengthwise direction which corresponds to a rolling direction, a widthwise direction perpendicular to the lengthwise 
^5 direction, and an oblique direction; and plating the upper and lower surfaces of the cold-rolled plate. 

Preferably, the steel plate is cold-rolled at a rolling percentage of 83-88 when the metallic structure of the steel 
plate is composed of equiaxial grains in the widthwise direction thereof. 

Both sides of the plate in the width direction thereof are cooled faster than the center portion of the steel plate in 
coiling the sheet in the hot rolling. As a result, aluminum nitride is not precipitated but solidifies. As a result, the metallic 
50 structure on both sides of the plate is composed of drawn grains while the metallic structure of the center portion thereof 
is composed of equiaxial grains. Therefore, in this case, cold rolling is performed by raising the cold-rolling percentage 
a little, namely, setting to 83-88. 

Preferably in hot rolling, the steel plate is hot-rolled at the above-described rolling percentage 83-88 by heating 
both sides of the steel plate in the width direction thereof by heating means so that the metallic structure thereof is 
55 composed of equiaxial grains in the width direction thereof. 

Preferably, the axes of a pair of work rolls which contacts the steel plate being cold-rolled form a predetermined 
angle so as to make the thickness of the steel plate uniform in the width direction thereof. 

After the steel plate is cold-rolled, the steel plate is annealed at a required temperature for a required period of 
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time according to the kind of steel; and refining rolling is performed at a* required rolling percentage depending on the 
kind of steel. 

The annealing and the refining rolling are performed before and/or after the plating step is performed depending 
on the kind of steel. 

s The upper and lower surfaces of the cold-rolled plate is plated with nickel. 

Preferably, the plated layer to be formed on both surfaces of the cold-rolled steel plate has a granular structure. 
In carrying out the present invention in another preferred mode, there is provided a method for manufacturing a 
sheet to be processed into a cylindrical battery can comprising the steps of: plating the upper and lower surfaces of a 
non-annealed cold-rolled steel plate with nickel; annealing the'steel plate to change the structure of the nickel-plated 
10 layer from an acicular structure to a granular structure, form a Fe-Ni diffusion layer between the cold-rolled steel plate 
and both nickel-plated layers, and allow the metallic structure of Fe to have a granular structure. 

Preferably, the nickel-plated layer is formed in a thickness of 2|im-5|im; and then annealed at 600*0-900*0 for 
0.5-2 minutes. 

After the annealing is performed, refining rolling is performed at a pressure-reducing percentage of 0.5-2.0 so as 
*5 to increase the toughness of the nickel-plated layer by making the granular structure recrystallized by the continuous 
annealing fine. 

Normally, the metallic structure of the soft nickel-plated layer electro-deposited on both surfaces of Fe steel plate 
is composed of acicular structure by nickel-plating a non-annealed cold-rolled steel plate. The nickel-plated layer having 
an acicular structure is not preferable in ductility and thus a portion to be curved, namely, the boundary between the 
20 cylindrical wall and the bottom surface of the battery can is likely to be cracked and not preferable in corrosion-resistant 
performance. 

Owing to the change from the acicular structure of the nickel-plated layer to the granular structure thereof by 
effecting the continuous annealing, ductility becomes preferable and thus a portion, to be curved, of the sheet are not 
cracked and moreover, the corrosion-resistant property of the nickel-plated layer can be improved. 
2S in addition, the Fe-Ni diffusion layer is formed between the cold-rolled steel plate and each nickel-plated layer, and 

the metallic structure of Fe is recrystallized and hence granular structure is formed. In this manner, the granular structure 
formed by the recrystallization allows the plated steel plate to have a rank hoard value (r) at more than 1 .2 and allows 
in-plane anisotropy Ar which is the difference among the rank hoard values (r) to be less than ±0.15. Owing to this 
construction, the generation of earring can be prevented greatly, i.e., the battery can is formed to be constant in the 
30 height of the cylindrical wall thereof. 

Preferably, the roughness (Ra) of the surface of the plated layer formed on the upper and lower surfaces of the 
cold-rolled plate is 0.5jim-1.2|irn. 

That is; the surface of the cold-rolled plate is roughened so that the roughness (Ra) of the surface thereof is 0.5u.m- 
1.2|im; and a nickel-plated layer is formed in a uniform thickness on the surface of the cold-rolled plate so that the 
35 roughness (Ra) of the surface of the nickel-plated layer is 0.5u,m-1 .2um 

Preferably, a nickel-plated layer is formed on the surface of the cold-rolled plate; and then, refining rolling is per- 
formed by means of a surface-roughened dull roll so that the roughness of the surface of the nickel-plated layer is 
0.5jam-1 .2um 

The surface roughness (Ra) indicates the average roughness of a center line. Referring to Fig. 13, a measurement 
40 length L is extracted from a roughness curve in the direction in which the center line extends. Supposing that the center 
line of the extracted portion is X-axis, the direction of a longitudinal magnification is Y-axis, and a roughness curve is 
expressed by y = f(x), the surface roughness (Ra) is expressed in \m\ found by the following equation. 

Ra = 1/Lj' 0 |£(x)|dx 



The surface roughness of a conventional sheet to be drawn and ironed is normally O.ljim at the maximum. 

In order for the steel plate to have the above-described surface roughness, the surface of a rolling roll is polished 
with a grindstone or surface roughness of the roll is made to be great by shot blast method so that the surface roughness 
of the roll is transferred to the steel plate in rolling. Otherwise, after the surface of the steel plate is nickel-plated, refining 
rolling is performed by a dull roll having a roughened surface thereon so as to increase the surface roughness of the 
nickel-plated layer. 

The roughn ss-incr ased surface, namely, area-increased surface of the steel sheet allows a larger amount of 
lubricating oil to be applied thereto and functions as an oil reservoir. That is, the steel sheet has a high oil-reserving 
performance. 

Because the sheet comprising the steel sheet has a suffici nt amount of lubricating oil thereon, in drawing and 
ironing proc ss, the friction coefficient of the sliding-contact surface between the die and the punch can be reduced, 
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thus prolonging the life of die and the punch and improving productivity. 

The life of die and th punch can be further prolonged by applying lubricating oil to the surface of the sheet in the 
drawing and ironing process. 

S BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present invention will become clear from the following description 
taken in conjunction with the preferred embodiments thereof with reference to the accompanying drawings, in which: 

10 Fig. 1 is a view showing a method for manufacturing a battery can carried out by a conventional progressive 

pressing method; 

Fig. 2 is a view showing a method for manufacturing a battery can to be carried out by drawing and ironing process- 
ing according to an embodiment of the present invention; 

Fig. 3 is a schematic view showing earring which is a problem to be solved by the present invention; 
15 Fig. 4 is a schematic view for describing the elongation of a sheet to be processed into a battery can; 

Fig. 5 is a flowchart showing a conventional method for manufacturing a sheet to be processed into a battery can; 

Fig. 6 is a schematic view showing batch annealing; 

Fig. 7 is a diagram showing temperature setting in batch annealing; 

Fig. 8 is a diagram showing temperature setting in continuous annealing; 
20 Fig. 9 is a schematic view showing the concentration of carbon atoms to a dislocation portion; 

Fig. 1 0A is a diagram showing the relationship between stress and strain in non-annealed steel plate; 

Fig. 1 0B is a diagram showing the relationship between stress and strain in a steel plate observed after continuous 

annealing and refining rolling are performed; 

Fig. 1 0C is a diagram showing the relationship between stress and strain in a steel plate which has aged in strain; 
25 Fig. 1 1 is a partial perspective showing a phenomenon which occurs on a conventional battery can; 

Fig. 1 2 is a sectional view showing a processing state in a drawing and ironing die; 
Fig. 1 3 is a graph for describing the definition of surface roughness (Ra); 

Fig. 14 is a front view showing a battery can according to an embodiment of the present invention; 
Fig. 15 is a partially enlarged sectional view showing the battery can shown in Fig. 14; 
30 Fig. 16 is a sectional view showing a sheet, to be processed into the battery can } shown in Fig. 14; 

Fig. 17 is a flowchart showing a method of manufacturing the sheet, to be processed into the battery can, shown 
in Fig. 14; 

Figs. 18A and 18B are schematic views each showing a hot rolling shown in the flowchart of Fig. 17; 
Fig. 1 9A is a schematic perspective view showing equiaxial grains; 
35 Fig. 1 9B is a schematic perspective view showing drawn grains; 

Fig. 20 is a schematic perspective view showing cold rolling; 

Fig. 21 is a diagram showing the relationship between cold rolling percentage and in-plane deviation Ar; 
Fig. 22 is a diagram showing the property of iron; 

Fig. 23A is a schematic sectional view showing a acicular structure of a nickel-plated layer observed before an- 
40 nealing is performed; 

Fig. 23B is a schematic sectional view showing a granular structure of a nickel-plated layer observed after annealing 
is performed; 

Fig. 24 is an enlarged sectional view showing principal portions of a battery can according to another embodiment 
of the present invention; 

45 Fig. 25 is a flowchart showing another method for manufacturing a sheet, to be processed into a battery can, 

according to the present invention; 

Fig. 26 is a flowchart showing a method for manufacturing a sheet, to be processed into a battery can, according 
to still another embodiment of the present invention; 

Fig. 27 is a flowchart showing a method for manufacturing a sheet, to be processed into a battery can, according 
so to a further embodiment the present invention; 

Fig. 28 is an enlarged sectional view showing a method for manufacturing a sheet, to be processed into a battery 
can, according to a still further embodiment of the present invention; 

Fig. 29 is a schematic view showing process of applying lubricating oil to the sheet of Fig. 28; and 
Fig. 30 is an enlarged sectional view showing the sheet of Fig. 29 to which lubricating oil has been applied. 



55 



DETAILED DESCRIPTION OF THE INVENTION 

Before the description of the present invention proceeds, it is to be noted that like parts are designated by like 
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10 



15 



reference numerals throughout the accompanying drawings. 

A batt ry can, a sheet to be processed into the battery can, and a method tor manufacturing the sheet according 
to an embodiment of the present invention is described below with reference to the accompanied drawings. 

Figs. 14 and 15 show a cylindrical battery can 1 according to the embodiment of the present invention. More 
sp cifically, the battery can 1 shown in Figs. 14 and 15 has an opening at the upper end thereof and has a bottom wall 
2 and a cylindrical wall 3. A positive contact 2a is formed on the surface of the bottom wall 2 of the battery can 1. After 
filler (not shown) is charged into a space surrounded with the bottom wall 2 and the cylindrical wall 3, a cover (not 
shown) having a negative contact formed on the upper end thereof is put on the upper end disposed of the wall 3. In 
this manner, the battery can 1 is manufactured. 

Fig. 16 shows a sheet 10 made of a nickel-plated steel plate to be processed as the battery can 1 according to 
the embodiment. The sheet 10 comprises a very low carbon steel plate 11 and serving as the substrate of the sheet 
10, Fe-Ni diffusion layers 12A and 12B disposed on both sides of the steel plate 11, Ni-plated layers 13 and 14 having 
a granular structure and disposed on the outer side of each of the Fe-Ni diffusion layers 12A and 12B. 

The sheet 10 is formed molded into the battery can 1 shown in Figs. 14 and 15 by drawing and ironing processing 
shown in Fig. 22. 

The components of the steel plate 11 are as shown in Table 1. The steel plate 11 contains 0.002-0.003wt% of 
carbon. Compared with low carbon steel (0.04-0. 05 wt%) conventionally used as a material of a battery can, the steel 
. plate 1 1 contains a much smaller amount of carbon. Preferably, the steel plate 1 1 contains carbon at less than 0.009wt%. 



20 



Table 1 



25 



30 



35 



40 



45 



SO 



SS 



component 


content (wt%) 


C 


0.002 - 0.003 


Mn 


0.14 


Si 


0.02 


P 


0.016 


S 


0.012 


H 


0.065 


Fe 


remainder 



The sheet 10 is manufactured in the order as shown in Fig. 17. 

Initially, at first step #1, slab comprising casted low carbon steel is hot-rolled. In the hot rolling, as shown in Fig. 
18, slab '11 ' having a thickness of 250mm and temperature of 912°C is hot-rolled at a rolling percentage of 98.68% by 
a pair of rollers 5 to coil the hot-rolled slab as the steel plate 11 having temperature of 699°C. On the downstream side 
of the rollers 5, a pair of heating means 7A and 7B comprising an electric heater is disposed on both sides of the hot- 
rolled plate so as to heat both sides of the steel plate 11 in the width direction thereof to 700°C. 

The metallic structure of both sides and central portion of the steel plate 11 is allowed to be composed of equiaxial 
grains by annealing to be performed in a process as shown in Fig. 19A. 

At second step #2, the heat-rolled steel plate 11 is cold-rolled at room temperature as follows: 

As shown in Fig. 20, there are provided work rolls 8A and 8B in contact with the steel plate 11 and back-up rolls 
9A and 9B in contact with each of the work rolls 8 A and 8B and pressing each of the work rolls 8 A and 8B in the 
thickness direction of the steel plate 11. The steel plate 11 is cold-rolled at a desired rolling percentage, which will be 
described later. 

In the cold rolling, the axes of the work rolls 8A and 8B form a predetermined angle so as to make the thickness 
of the steel plate 11 uniform in the width direction thereof. 

The work rolls 8Aand 8B prevent the thickness of the cold-rolled steel plate 11 from being reduced on both sides 
thereof in the width direction thereof. The work rolls 8A and 8B allow the thickness of the steel plate 11 in the center 
portion in the width direction thereof almost to be equal to the thickness thereof on both sides in the width direction 
thereof. 

Experiments conducted by the present inventors indicates that when the axes of the work rolls 8A and 8B do not 
make the predetermined angle, a thickness reduction percentage of the steel plate 1 1 on both sides in the width direction 
thereof was approximately 4%, whereas when the axes of the work rolls SA and 8B make the predetermined angle, 
thickness reduction percentage on both sides in the width direction thereof was as small as approximately 0.5%. 

The present inventors made experiments, thus finding that rolling percentage in cold rolling was closely related to 
in-plane anisotropy Ar of the steel plate 11. 

According to the experiments, the relationship between cold rolling percentage and in-plane anisotropy Ar is as 
shown in Fig. 21. 
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The experimental result indicates that the absolute value of the in-plane anisotropy Ar is less than 0.1 5 in order to 
prevent the formation of arring. 

As indicated in Fig. 21, a cold rolling percentage to allow the absolute value of in-plan anisotropy Ar to be less 
than 0.1 5 is 83-88%. 

In this embodiment, both sides of the steel plate 11 is heated in hot rolling to obtain equiaxial grains in the width 
direction thereof as described previously. Therefore, the cold rolling percentage is set to 83-88. 

As described above, the cold rolling at step #2 allows the formation of the cold-rolled steel plate 11 which has a 
uniform thickness in the width direction thereof. In addition, the cold-rolled steel plate has rank hoard value r at more 
than 1.2 lengthwise, widthwise, and obliquely and thus is ductile, and has in-plane anisotropy Ar, which is the difference 
among the rank hoard values r, at less than ±0.15. 

In the case of drawn grains shown in Fig. 19B, cold rolling percentage to allow the absolute value of in-plane 
anisotropy Ar to be less than 0.15 is 86-89 as shown in Fig. 21 . 

If both sides of the steel plate 1 1 in the width direction thereof are not heated by the heating means 7A and 7B in 
the heat rolling to be performed at step #1, both sides of the steel plate 11 are rapidly cooled in coiling the steel plate 
1 1 . As a result, aluminum nitride is not precipitated but solidifies. As a result, the metallic structure on both sides of the 
steel plate 11 is composed of drawn grains while the metallic structure of the center portion thereof is composed of 
equiaxial grains. Therefore, in this case, the cold rolling percentage at step #2 is set to 84-90 so that the in-plane 
anisotropy Ar in both sides and central portion of the cold-rolled steel plate in the width direction thereof is less than 
±0.15. 

The in-plane an isotropy Ar can be made to be less than ±0. 1 5 by setting cold rolling percentage to 80-90 depending 
on the kind of steel. 

At step #3, continuous annealing is performed so that the metallic structure of the cold-rolled steel plate 11 is 
allowed to be composed of equiaxial grains as shown in Fig. 19A. 

Referring to Fig. 22, in the continuous annealing, temperature is raised to 730°C in a minute to heat the cold-rolled 
steel plate 11 rapidly and then, the temperature is maintained at 730°C for 30 seconds. Then, the temperature is 
reduced in 20 seconds to cool the steel plate 11 to 400°C rapidly. Thereafter, over-aging processing is performed at 
400°C for 150 seconds, and then, the temperature is reduced to 100°C in 15 seconds to cool the steel plate 11. Then, 
the steel plate 11 is put out from an oven. It takes as short as approximately five minutes to accomplish the entire 
continuous annealing operation. 

As a result, the metallic structure of the steel plate 11 is recrystallized and assumes a strain-free state. Because 
the continuous annealing is performed with the steel plate 11 being transported, heat is uniformly distributed to the 
steel plate 11 and it is unnecessary to form a film on the steel plate 11 . In this embodiment, the steel plate 11 is rapidly 
heated to 730°C, but may be heated at a temperature in the range from 600°C to 900°C. 

At step #4, refining rolling is performed at a pressure-reducing percentage of 1.5. The relationship between the 
stress of the plate and strain thereof at the termination point of the refining rolling is as shown in Fig. 10B and the yield 
point elongation does not occur. 

In this embodiment, the steel plate 11 contains as small as 0.002-0.003wt% of carbon. Therefore, the steel plate 
11 does not age. The relationship between the stress and strain of the plate as shown in Fig. 10B is maintained, and 
the yield point elongation does not occur again in the steel plate 11. This is because when the steel plate 11 contains 
less than 0.009wt% of carbon ; cementite is not present at the room temperature and carbon atoms are present in a 
solid solution of iron as shown in Fig. 22. The present inventors found in experiments that very low carbon steel does 
not age if the steel plate 11 contains less than 0.009wt% of carbon. 

At step #5, the upper and lower surfaces of the steel plate 11 is soft nickel-electroplated. 

More specifically, one surface of the steel plate 11 corresponding to the outer surface of the cylindrical wall of the 
battery can is soft nickel-plated in a thickness of 2\m\ - 5um, whereas the other surface of the steel plate 11 corre- 
sponding to the inner surface of the cylindrical wall of the battery can is soft nickel-plated in a thickness of 0.5um-5u.m. 

Instead of being soft nickel-plated, the inner surface of the steel plate 11 may be hard nickel-plated. 

At step #6, continuous annealing is performed to form the Fe-Ni diffusion layers 12A and 12B between the steel 
plate 11 and each of the nickel-plated layers and change the entire metallic structure of the nickel-plated layer from 
acicular metallic structure shown in Fig. 23A to granular metallic structure, abundant in ductility, shown in Fig. 23B. 

The continuous annealing is carried out at 600 o C-750°C for 0.5-2 minutes depending on the kind of steel contained 
in the steel plate 11. In the continuous annealing, temperature is set to be low and annealing time period is set to be 
short when the nickel-plated layer is thin, whereas temperature is set to be high and annealing time period is set to be 
long when the nickel-plated layer is thick. 

At step #7, refining rolling is performed at a pressure-reducing percentage of 0.5-2.0% to improve the metallic 
structure of the nickel-plated layer. 

Owing to the change the structure of the nickel-plated layer from the acicular structure to the granular structure, 
ductility becomes preferable and thus cracks are not likely to occur in a portion, corresponding to the boundary between 
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the bottom wall and cylindrical wall of the battery can : of the sheet 10 in forming it into the battery can and moreover, 
the corrosion-resistant property of the nickel-plated layer can be improved. 

The granular metallic structure of the steel plate 11 allows the rank hoard value (r) in lengthwise dir ction (rolling 
direction) X, widthwise direction Y, and oblique direction 2 of the rolled plate to be more than 1.2 in average and the 
s in-plane anisotropy Ar found as the difference among the rank hoard values r to be less than ±0.1 5. 

When the continuous annealing is performed at step #6 at a high temperature for a long time, the metallic structure 
of the steel plate 11 grows rapidly, i.e., the metallic structure in the surface thereof becomes composed of large grains 
(mix grain). As a result, there occurs a difference in the metallic structure between the inner portion of the steel plate 
1 1 and the surface thereof. 

io Therefore, in the continuous annealing, the acicular metallic structure is changed to the granular metallic structure 

in the nickel-plated layer. As described above, in the continuous annealing, heating temperature is set to 600°C-900°C 
and heating time period is set to as short as 0.5-2 minutes according to the thickness of the nickel-plated layer in the 
range from 2u.m to 5um so that the metallic structure of Fe of the steel plate 11 does not grow into large grains. 

The continuous annealing performed in the above-described range of heating temperature and time period changes 

is the acicular metallic structure to the granular metallic structure in the nickel-plated layer. That is, the diameters of grains 
of the nickel-plated layer become 1um-5ujn by performing the continuous annealing. 

The grain size of crystal grains of the granular metallic structure of the nickel-plated layer becomes small, namely, 
grain size: No.9-No.10 provided in JIS-G-0552 both in the upper surface side and inner portion of the steel plate 11. 
That is, the diameters of grains are set to 10ujn-15u.m. 

20 The sheet 10 to be formed into the battery can 1 is manufactured in steps 1 through 7. 

In processing the sheet 1 0 into the battery can 1 by means of drawing and ironing, it is important that the elongation 
coefficient of the sheet 10 is almost uniform or same in the lengthwise direction L, the widthwise direction W, and the 
oblique direction Z thereof as shown in Fig. 4 and that no earring is generated at the upper end of the cylindrical wall 
of the battery can. 

2S That is, as described above, the sheet 10 comprising nickel-plated plate is processed as follows: at step #2, the 

steel plate 1 1 is rolled at a cold rolling percentage of 80-90% depending on the kind of steel. In the continuous annealing 
at step #6, the diffusion layers 12A and 12B are formed, and the metallic structure of the nickel-plated layers 13 and 
14 are changed to the granular structure. Further, the grain size is small and approximately almost constant in the 
upper portion of the steel plate 11 and the inner portion thereof. Accordingly, the elongation coefficient of the sheet 10 

30 in the lengthwise direction X, the widthwise direction Y, and the oblique direction Z thereof can be allowed to be more 
than 1 .2 in average. That is, each rank hoard value r of the sheet 10 which is a width deformation degree in X-direction/ 
a thickness deformation degree in X-direction, a width deformation degree in Y-direction/a thickness deformation de- 
gree in Y-direction, a width deformation degree in Z-direction/a thickness deformation degree in Z-direction can be 
allowed to be more than 1 .2 in average. In addition, the in-plane anisotropy Ar found as the difference among the rank 

35 hoard values (r) is allowed to be less than ±0.15. 

Because the in-plane anisotropy Ar is small, earring can be prevented from being formed at the upper end of the 
cylindrical wall of the battery can can in drawing and ironing processing, and thus the battery can can be preferably 
drawn. 

As described above, because the generation of earring can be prevented in drawing processing, the sheet 10 can 
40 be processed into the battery can at a high yield and in a small the number of manufacturing processes. Thus, the 
battery can can be manufactured at a low cost. 

When the sheet 10 is drawn and ironed into battery can, the thickness of the cylindrical wall 3 of the battery can 
can be reduced to as small as approximately 0.1mm. Therefore, the volume of the space in the battery can can be 
increased, thus allowing a great quantity of filler. Hence, the battery can has a greater electric power. 
45 The sheet 10 has no above-mentioned age and can be maintained without giving rise to yield point elongation 

because the steel plate 11 contains a very bw amount of carbon. Stretcher strain is not generated on the battery can 
processed from the sheet 10 by drawing and ironing processing. Thus, the battery can looks fine. 

In addition, because the continuous annealing is performed at steps #3 and #6, the sheet 10 can be manufactured 
in a short period of time and hence at low cost. 
so The nickel-plated layers 13 and 14 are superior in ductility because the nickel-plated layers 13 and 14 have the 

granular structure. As indicated by experimental data described below, the nickel-plated layers 1 3 and 1 4 are not likely 
to be cracked in a portion to be curved when they are curved in processing the sheet 10 into the battery can and thus, 
corrosion-resistant. 

ss Experiment 1 

How the metallic structure and elongation of the electroplated nickel-plated layers 13 and 14 are affected by an- 
nealing was observed. 
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It is difficult to observe and measure the metallic structure and mechanical characteristic of only the nickel-plated 
layer of the annealed nickel-plated cold-rolled steel plate 11. Therefore, instead, a nickel foil corresponding to the 
nickel-plated layer was annealed to observe the metallic structure and mechanical characteristic of the nickel foil. 

That is, the nickel foil (electro-deposition) of 49u.m-54jjm (250mm in length, 250mm in width, and 50mm in thick- 
s ness) was put in an oven of 300mm in length, 300mm in width, and 250mm in thickness to anneal it in gas atmosphere 
in which hydrogen and nitrogen were contained at 75% and 25%, respectively. Heating temperature was 650°C and 
heating time period was one minute. 

The experimental result is indicated in Table 2 shown below. As a result of the annealing, tensile force (T.S) became 
low, elongation coefficient (EL) became great, and metallic structure became granular structure (G.S). 

10 

Table 2 





T.S (kgf/mm) 


EL (%) 


G.S 


Before annealing 


55.6 


7 


Acicular metallic structure (13-14u.m) 


After annealing 


30.9 


14 


Granular metallic structure (1-5uxn) 



Experiment 2 

In accordance with JIS provided in JIS-Z-2371 , salt spray test was conducted on sheets, each comprising a nickel- 
plated plate according to the above-described embodiment, manufactured to measure the tensile force and elongation 
coefficient thereof and the metallic structure and corrosion-resistance of a curved surface of the nickel-plated layer. 

The steel plate 11 was nickel-plated in a thickness of 3.5u,m on the upper and lower surfaces thereof. Then, the 
nickel-plated steel plate 11 was continuously annealed at 650°C for a minute to manufacture a nickel-plated sheet. 

The tensile force, elongation coefficient and surface hardness (HV) of the sheet comprising nickel-plated plate and 
the metallic structure of the nickel-plated layer were indicated in Table 3 shown below. 

In accordance with JIS Standard, the sheet was bent by 90° (Rl) to measure limitation time period by spraying salt 
water on the curved surface of the sheet. 

Table 3 





T.S 


EL 


HV 


GS 


S.S.P 


r 


Ar 


Before annealing 


76 


3 


200 


Acicular 


1 hour 


1.0 


+0.2 


After annealing 


33 


39 


105 


Granular 


8 hours 


1.3 


+0.0 


In the above, HV: (load: 1kg), S.S.P: salt spray time period, r: rank hoard value, and An in-plane anisotropy 



As shown in Table 3, the limitation time period of the annealed nickel-plated layer (granular structure) was eight 
times as long as that of the nickel-plated layer not annealed. That is, it was observed that the former was highly 
corrosion-resistant. 

A battery can according to a second embodiment of the present invention is described below with reference to 
Fig. 24 in particular. Fig. 24 shows the battery can comprising Fe-Ni diffusion layers 12A and 12B, a hard nickel-plated 
layer 13' adjacent to the diffusion layer 12 A, and a bright nickel-plated layer 14' adjacent to the diffusion layer 12B. In 
drawing and ironing processing, the hard nickel-plated layer 13' constitutes the inner surface of the cylindrical wall of 
the battery can. 

A sheet 10, to be processed into the battery can, according to the second embodiment is manufactured in the 
order shown in Fig. 25. The sheet 10 comprises a very low carbon steel plate 11 containing carbon at less than 0.009% 
wt%. Similarly to the first embodiment, slab comprising casted low carbon steel is hot-rolled. Then, the hot-rolled steel 
plate 11 is cold-rolled at cold rolling percentage of 80-90 depending on the kind of steel. 

At first step #1, the cold-rolled steel plate 11 is continuously annealed in gas atmosphere similarly to step #3 of 
the first embodiment. 

At second step #2, refining rolling is performed at a pressure-reducing percentage of 0.2-1.5. 

At third step #3, the cold-rolled steel plate 11 is nickel-plated in a thickness of 3-4u/n on the outer surface thereof 
and 0.5 - 1.0u.m on the inner surface thereof. 

At fourth step #4, continuous annealing is carried out in gas atmosphere at 680°C-750°C again for a minute. In 
the continuous annealing, the Fe-Ni diffusion layers 12A and 12B are formed in a thickness of 2.0-3.0u/n between the 
inner surface of the ste I plate 11 and the nickel-plated layer 13* and between the outer surface of the steel plate 11 
and the nickel-plated layer 14', respectively. 

At fifth step #5, refining rolling is performed at a pressure-reducing percentage of 0.5-1.5. 
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At sixth step #6, the steel plate 11 is bright nickel-plated again in a thickness of 0:5-1. Oujti on the outer surface 
thereof and hard nickel-plated in a thickness of 0.5-2.5ujti on the inner surface thereof. 

The inner surfac of the.st el plate 11 is hard nickel-plated at sixth step #6 at a high current density of 1 00-1 50A/ 
dm 2 and at a flow speed as slow as less than 1/1 0 (30m/minute) of a normal flow speed (300m/minute). In this manner, 
s a hard nickel-plated layer is formed. 

A hard nickel-plated layer can be formed by performing bright nickel plating by using a plating bath containing an 
organic substance and nickel mixed with each other. Needless to say, a very hard nickel-plated layer can be formed 
by performing bright nickel plating at a high current density and a slow flow speed. 

A sheet 10' is manufactured at step #1 through step #6. That is, the sheet 10* comprises the cold-rolled steel plate 
10 11 serving as the substrate thereof, the Fe-Ni diffusion layers 12A and 12B, the hard nickel-plated layer 13' to be 
disposed on the inner surface of the cylindrical wall of the battery can, and the bright nickel-plated layer 14' to be 
disposed on the outer surface of the cylindrical wall of the battery can. 

The sheet 10' is drawn and ironed by the method shown in Fig. 2 to shape the battery can 1 into the configuration 
as shown in Figs. 1 and 2. 

is In processing the sheet 1 0' into the battery can 1 by means of drawing and ironing, it is important that the elongation 

coefficient of the sheet 10' is approximately uniform in the lengthwise direction L, the widthwise direction W, and the 
oblique direction X thereof as shown in Fig. 4 and that no earring is generated at the upper end of the cylindrical wall 
of the battery can 1. To this end, the cold-rolled plate has a rank hoard value r at more than 1 .2 lengthwise, widthwise, 
and obliquely, and in-plane anisotropy Ar, found as the difference among rank hoard values r, at less than ±0.15. In 
20 order to obtain rank hoard value r at more than 1.2, it is necessary to allow the metallic structure (grain size) of the 
cold-rolled plate to have a constant size (No. 9-10 provided in JIS Standard) in continuous processing. 

In the process of manufacturing the nickel-plated plate, the steel plate 11 is annealed again only as short as for a 
minute at step #4. If the steel plate 11 is annealed at a high temperature, the metallic structure thereof grows rapidly 
and as a result, will be made of rough grains (mix grain) in the surface portion thereof. As a result, there will occur a 
25 difference in the metallic structure between the inner portion of the steel plate 11 and the upper surface thereof. 

Accordingly, in the second continuous annealing, it is necessary to anneal the plated steel plate 1 1 at a temperature 
at which the metallic structure thereof does not change. Experiment result indicates that the metallic structure thereof 
does not change when continuous annealing is carried out at 680-750°C for a minute. 

In the sheet 10* comprising the nickel-plated steel plate 11 manufactured in the above-described process, the 
30 metallic structure of the surface portion thereof is not different from that of the inner portion thereof. Therefore, the 
elongation coefficient of the sheet 10' is allowed to be almost uniform lengthwise, widthwise, and obliquely, respectively. 
Thus, earring can be prevented from being generated at the upper end of the cylindrical wall of the battery can in 
drawing the plate 10', and hence the sheet 10' can be favorably drawn. 

In the second continuous annealing, the Fe-Ni diffusion layers 12A and 12B are formed between the cold-rolled 
35 steel plate 11 and the hard nickel-plated layer 1 3' as well as the bright nickel-plated layer 14' in a thickness of 2.0u.m- 
3.0|im at 680°C-750*C for a minute. 

At step #6, the hard nickel-plated layer 13' is formed in a thickness of 0.5-2.5jam on the diffusion layer 12A. The 
hard nickel-plated layer 13' is disposed in the inner surface of the cylindrical wall of the battery can. Therefore, in 
drawing the sheet 10' to 1/2 of the original thickness, the diffusion layer 12A and the hard nickel-plated layer 13' shift 
^0 from each other. Owing to the layer shift, the inner surface of the cylindrical wall 3 of the battery can 1 shown in Figs. 
24 is cracked randomly like wedges lengthwise, widthwise, and obliquely. 

The cracks 15 roughens the inner surface of the cylindrical wall 3 of the cylindrical battery can 1 in such a condition 
that contact resistance of the inner surface to filler is reduced, thus improving the electrical performance of the battery 
can. 

45 As described above, in drawing processing, the bright nickel-plated layer 14' is formed on the surface of the Fe- 

Ni diffusion layer 12B. The bright nickel-plated layer 14' is disposed on the outer surface of the cylindrical wall of the 
battery can 1. The amount of an organic substance mixed with bright nickel to be applied to the surface of the Fe-Ni 
diffusion layer 12B to form the bright nickel-plated layer 14' is less than the amount of an organic substance mixed 
with bright nickel to be applied to the surface of the Fe-Ni diffusion layer 12Atoform the hard nickel-plated layer 13' 

50 thereon. Therefore, the hardness of the bright nickel-plated layer 14' is not great and the thickness thereof is as thin 
as 0.5-1 .0u.m. Further, the Fe-Ni diffusion layer 12B disposed between the steel plate 11 and the bright nickel-plated 
layer 14' is as thin as 2.0-3. Oum Accordingly, cracks can be prevented from being generated at the comer (portion to 
be curved) of the battery can 1 when the sheet 10' is drawn, and thus the battery can 1 is corrosion-resistant. 

In the drawing and ironing processing, the thickness of the sheet 10' can be reduced to approximately 1/2 of the 

55 original thickness thereof or less. Therefore, the outer surface of the cylindrical wall 3 of the battery can 1 has a small 
surface roughness and smooth like mirror surface. But the surface of the bottom wall 2 is not drawn, and thus the 
surface of the bottom wall 2 may not be bright. Consequently, the battery can 1 is defective in its appearance and 
hence low in commercial value. 
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Because the bright nickel-plated layer 14' is formed on the surface of the Fe-Ni diffusion layer 12B of the nickel- 
plated plate 10' at step #6, the surface of the bottom wall 2 of the battery can 1 can be allowed to be smooth like a mirror. 

In addition to the above method of nickel-plating the Fe-Ni diffusion layers, the surfac of the Fe-Ni diffusion layers 
can be allowed to be bright by adjusting pressure-reducing percentage to an appropriate value in refining rolling. 
5 Fig. 26 is a flowchart showing a third method, for manufacturing a sheet to be processed into a battery can 1, 

according to the present invention. 

At first step #1, continuous annealing is performed on a cold-rolled steel plate 11 in gas atmosphere similarly to 
the second embodiment. 

At second step #2, refining rolling is performed at a pressure-reducing percentage of 0.5. 
10 At third step #3, the cold-rolled steel plate 11 is soft nickel-plated in a thickness of 3|im on a surface which is 

disposed in the outer surface of the cylindrical wall of the battery can 1 when the sheet comprising the steel plate 11 
is drawn, and then bright nickel-plated in a thickness of 1u,m, then soft nickel-plated in a thickness of 0.5jam on the 
other surface which is disposed on the inner surface of the cylindrical wall of the battery can 1 . Then, the other surface 
of the cold-rolled steel plate 11 is hard nickel-plated (bright nickel-plated) in a thickness of 2.0um 
is At fourth step #4, continuous annealing is carried out in gas atmosphere at 730°C again for a minute. In the 

continuous annealing : a Fe-Ni diffusion layer is formed between the inner surface of the steel plate 11 and one nickel- 
plated layer and between the outer surface of the steel plate 11 and the other nickel-plated layer. Both Fe-Ni diffusion 
layers have the same thickness. 

At fifth step #5, refining rolling is performed at pressure-reducing percentage of 1.0. 
20 Large size grains are not formed on the surface of the steel plate 11 in the first refining rolling at step #2 (pressure- 

reducing percentage: 0.5) and the second refining rolling (pressure-reducing percentage: 1.0) at step #5. 

In this manner, the sheet comprising the nickel-plated plate is manufactured at step #1 through #5. The nickel- 
plated sheet is drawn and ironed to form the battery can. 

In the drawing and ironing processing, wedge-shaped cracks are formed in a favorable state on a surface of the 
2S sheet corresponding to the inner surface of the cylindrical wall of the battery can. The bright (hard) nickel-plated layer 
formed in a thickness of 2.0um on the surface of the inner diffusion layer contains an organic substance. More specif- 
ically, bright nickel plating bath contains a greater amount of organic substance than usual. Therefore, the nickel-plated 
layer is hard and thus preferable cracks are generated. 

The organic substance is baked and decomposed when the sheet is annealed at more than 730 9 C, for example, 
30 780°C for one minute in the continuous annealing to be performed at step .#4 after the cold-rolled steel plate is plated 
at step #3. The organic substance is carbonized but not baked at 730°C in one minute. Consequently, the organic 
substance remains as carbide, thus forming a hard nickel-plated layer. A layer shift occurs between the Fe-Ni diffusion 
layer having a thickness of 2.0u.m and the bright nickel-plated layer (hard nickel-plated layer) disposed thereon, thus 
generating the cracks. 

35 The bright nickel-plated layer is formed on the surface of the sheet corresponding to the outer surface of the 

cylindrical wall of the battery can. The bright nickel-plated layer contains a normal amount of organic substance but 
does not have a high hardness. The thickness of the diffusion layer disposed between the outer surface of the steel 
plate and the outer bright nickel-plated layer is 2.0um The outer bright nickel-plated layer is as thin as 1um Conse- 
quently, cracks are not likely to be generated on the outer surface of the cylindrical wall of the battery can and hence 

40 the battery can is corrosion-resistant. Further, the steel plate is bright nickel-plated before the continuous annealing is 
performed at step #4. Accordingly, even though the organic substance is carbonized after the continuous annealing is 
carried out, the brightness is maintained and the outer bright nickel-plated layer maintains the brightness and the 
refining rolling to be performed at step #5 allows the outer bright nickel-plated layer to be brighter. 

Even though the bright nickel-plated layer is not formed on the surface of the Fe-Ni diffusion layer, the outer surface 

45 of the cylindrical wall of the battery can can be allowed to have a mirror-like surface by setting pressure-reducing 
condition appropriately in the refining rolling. 

Fig. 27 is a flowchart showing a fourth method, for manufacturing a sheet to be processed into the battery can 1 
according to the present invention. 

In the fourth method, at step #1, continuous annealing is performed on a non-annealed cold-rolled plate in gas 

^0 atmosphere. 

At second step #2, refining rolling is performed at a pressure-reducing percentage of 1.3. 

At third step #3, the cold-rolled plate is soft-nickel-plated in a thickness of 3.5u,m on a surface of the steel plate 
which is disposed on the outer surface of the cylindrical wall ol the battery can, and then bright nickel-plated in a 
thickness of 1 .5u,m, while the steel plate is soft nickel-plated in a thickness of 0.5u.m on the other surface which of the 
55 steel plate is disposed in the inner surface of the cylindrical wall of the battery can and then bright nickel-plated in a 
thickness of 2-.0jim. 

In the fourth method, a sheet comprising the nickel-plated steel plate is manufactured at step #1 through #3. The 
sheet is drawn and ironed to form th battery can. 
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In the sheet manufactured by the fourth method, Fe-Ni diffusion layers are not formed between the cold-rolled 
plate and the nickel-plat d layers. But wedge-shaped cracks are generated on the inner surface of the sheet due to a 
layer shift between the soft nickel-plated layer and th bright (hard) nickel-plated layer. The outer nickel-plated layer 
of the steel plate is as corrosion-resistant as an outer nickel-plated layer formed on a diffusion layer having a thickness 
s of 2.0um The sheet can be drawn favorably because no diffusion layers are formed on th steel plate. 

According to the fourth method, manufacturing cost is high because it is n cessary to deposit nickel on the outer 
surface of the steel plate in a thickness as great as 5jim, whereas normally, the outer surface of the steel plate is nickel- 
plated in a thickness of 3u.m before the sheet comprising the steel plate is drawn. 

It is possible to differentiate the thickness of the Fe-Ni diffusion layer to be formed on one surface of the cold-rolled 
w steel plate from the thickness of the Fe-Ni diffusion layer to be formed on the other surface thereof. 

That is, one surface of the cold-rolled steel plate corresponding to the inner surface of the cylindrical wall of the 
battery can and the other surface thereof corresponding to the outer surface of the cylindrical wall of the battery can 
are plated with nickel in a thickness of 0.5-1. Ojim and 0.1-0.2ujti, respectively and then, the batch annealing is per- 
formed. Then, one surface and the other surface of the steel plate are plated with soft nickel in a thickness of 0.5jj.m 
is and 3|im, respectively. Thereafter, the continuous annealing is carried out. 

In the continuous annealing, the diffusion layer is formed on one surface and the other surface of the cold-rolled 
steel plate in a thickness of 3.0-5.0u.m and 0.5-1. 0u,m. respectively. In the continuous annealing, the diffusion layer 
can be formed on one surface and the other surface of the cold-rolled steel plate in a thickness of 2\m\ and 2um 

As a result, the diffusion layer is formed on one surface of the cold-rolled steel plate and the other surface thereof 
20 in a thickness of 5.0jim-7.0nm and 0p.m-3.0|im, respectively. 

In this manner, the diffusion layers different from each other in thickness can be formed on both surfaces of the 
steel plate. 

In the fourth method, the diffusion layer is formed in a thickness of as great as 5.0u.m-7.0|im on one surface of the 
steel plate to be disposed on the inner surface of the battery can. Accordingly, cracks are formed oh the inner surface 

25 of the cylindrical wall of the battery can in drawing the sheet and hence the inner surface of the cylindrical wall of the 
battery can has a large surface area. In addition, the diffusion layer is formed in a thickness as thin as 0|im-3.0|im on 
the other surface of the steel plate to be disposed on the outer surface of the cylindrical wall of the battery can. Ac- 
cordingly, cracks are not likely to be formed on the other surface of the sheet and thus corrosion-resistant. 

The electrical performance of the battery can can be further improved by forming the diffusion layers having a 

30 different thickness on both surfaces of the cold-rolled steel plate. 

The following comparison nickel-plated steel plates were manufactured to compare the performance thereof and 
that of nickel-plated steel plate according to the present invention with each other. 

Referring to Fig. 25 showing the process of manufacturing the sheet comprising the nickel-plated steel plate, one 
surface of the inner diffusion layer of a steel plate was not hard nickel-plated, but soft nickel-plated in a thickness of 

35 2.0um at step #6 to form the comparison nickel-plated steel plate. 

Wedge-shaped cracks were not formed but vertical cracks were generated on the comparison nickel-plated sheet 
in drawing and ironing it. The vertical cracks did not increase the area of the inner surface of the battery can as much 
as the wedge-shaped cracks. That is, the performance of the comparison nickel-plated steel plate was approximately 
60% of that of the nickel-plated steel plate according to the present invention. 

40 it is possible to form diffusion layers by batch annealing after nickel-plating the surface of a non-annealed cold- 

rolled steel plate corresponding to the outer surface of the cylindrical wall of the battery can and the surface corre- 
sponding to the inner surface of the cylindrical wall of the battery can in a thickness of 3.0um and 0.5ujn, respectively. 
In this case, it is necessary to anneal the steel plate at a low temperature for a long time so as to secure the mechanical 
strength thereof. In this case, a diffusion layer as thick as 5ujti-10ujti and 3-5ujti is formed on the surface corresponding 

is to the outer and inner surfaces of the cylindrical wall of the battery can, respectively. 

In case the diffusions layers are thick, cracks are likely to be formed on the outer surface of the cylindrical wall of 
the battery can in drawing and ironing the sheet comprising the nickel-plated steel plate. As a result, the battery can 
is much unfavorable than the battery can having thin diffusion layers in corrosion -resistant performance. Hence, the 
sheet cannot be preferably drawn and thus earring is generated. 

so Figs. 28 through 30 show another embodiment of the present invention. Fig. 28 is an enlarged sectional view 

showing a sheet 10 comprising nickel-plated layers 13 and 14 formed on the upper and lower surface of a steel plate 
1 1 , respectively. 

The steel plate 11 is formed by hot-rolling casted slab to a predetermined thickness by a hot-rolling roll, and by 
cold-rolling the hot-rolled steel plate 11 to a predetermined thickness by a cold-rolling roll. In the cold rolling, the upper 
ss and lower surface of the steel plat 11 are roughened. 

That is, the surface of the cold-rolling roll (not shown) is polished with an abrasive material to allow the roll to have 
a surface roughness 0.5|im-1 .0u.m. Thus, when the steel plate 11 is cold-rolled, the surface roughness of the roll is 
transferred to the steel plate 11 . As a result, the surface roughness of the upper and lower surfaces of the steel plate 
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11 becomes 0.5-1. 2um 

The slab has a thickness of approximately 250mm and a temperature of approximately 900°C. As a result of the 
hot rolling at 700°C, the thickness of the slab (steel plate 11) becomes 3.3mm. As a result of the cold rolling at the 
room temperature, the thickness of the steel plate 11 becomes 0.406mm. 

s The surface roughness of the steel plate 11 is made to be high at the upper and lower surfaces thereof in the cold 

rolling. Therefore, when the upper and lower surfaces of the steel plate 11 ar covered with the nickel-plated layers 
13 and 14 in a uniform thickness of 0.5-5u.m, both surfaces of the nickel-plated layer, namely, both surfaces of the 
sheet 10 to be processed into the battery can have a roughness of 0.5-5u.m. 

The sheet 10 is coiled and fed to manufacturing processing in which as shown in Fig. 29, the sheet 10 is fed to 

10 blanking process, cupping process, and drawing and ironing process sequentially with the sheet 10 being rewound 
from a roll not shown. 

In lubricating oil-applying process which is performed before blanking process is carried out, the sheet 10 fed out 
from the roll is brought into contact with a pair of felt materials 18 and 18 to which lubricating oil 20 is supplied from a 
lubricating oil reservoir 1 9. Therefore, the lubricating oil 20 is supplied to both surfaces of the sheet 10 when the sheet 
is 10 is brought into contact with the felt materials 18 and 18. When lubricating oil of a low viscosity is used, the lubricating 
oil may be dripped to the sheet 10 forward of the felt materials 18 and 18. 

As described above, the surface roughness Ra of both upper and lower surfaces of the sheet 10 is 0.5u/ri-1.0u.m. 
That is, as shown in Fig. 30, the upper and lower surfaces of the sheet 10 are convex and concave and thus the sheet 
10 has a great surface area. Therefore, the lubricating oil 20 is supplied to both surfaces of the sheet 10 and stored 
20 in concaves 21. 

A sufficient amount of lubricating oil 20 is supplied to both upper and lower surfaces of the sheet 10 and stored 
thereon. Thus, a sufficient amount of lubricating oil 20 is held on the sheet 10 in cupping and drawing and ironing 
processes. 

Accordingly, the abrasion of the sliding-contact surface between the die 52 of the drawing die and the punch 53 
25 shown in Fig. 12 is reduced by the lubricating oil 20. Therefore, the life of the die and the punch can be prolonged. 

In addition, owing to the reduction of abrasion coefficient, drawing process can be accomplished at a high speed. 

Because lubricating performance is improved, when the sheet 1 0 is processed into the battery can by drawing and 
ironing processing, the life of the die 52 can be prolonged. That is, supposing that 300,000 battery cans are drawn and 
ironed a day, the die 52 is replaced every six days whereas conventionally, the die 52 is replaced every four days. 
30 The present invention is not limited to the above embodiments, but various modifications can be made. For ex- 

ample, the surface roughness of the sheet 10 may be made to be great after the steel plate 11 is plated with nickel. 

That is, both surfaces of the steel plate 11 are nickel-plated without roughening the surface thereof in cold rolling. 
Then, refining rolling is carried out by a dull roll having a surface roughness of 0.5jam-1 .2|im so that the surface rough- 
ness of each nickel-plated layer has a surface roughness of 0.5u.m-1 2|im. 
35 Consequently, the roughness-increased surface of the steel plate allows a larger amount of lubricating oil to be 

applied thereto and functions as an oil reservoir. Accordingly, lubricating oil is held on the surface of the steel plate 
even in blanking and drawing processes, thus reducing the friction coefficient of the sliding-contact surface between 
the die and the punch. 

As apparent from the foregoing description, according to the present invention, a cold-rolled steel plate having 
^0 nickel-plated layers formed on both surfaces thereon is drawn and ironed into a cylindrical battery can which is open 
in the upper end thereof. The ebngation coefficient of the steel plate is uniform in the lengthwise direction, the widthwise 
direction perpendicular to the lengthwise direction, and the oblique direction thereof. Therefore, in drawing and ironing 
a sheet comprising the steel plate, earring can be prevented from being generated at the upper end of the wall of the 
battery can and hence, the sheet can be processed into the battery can at a high yield and the battery can can be 
^5 manufactured at a low cost. In addition, the durability of a drawing can be prolonged. 

The plated layer is formed on the upper and lower surface of the very low carbon steel plate containing carbon at 
less than 0.009wt%. Therefore, the sheet can be maintained without giving rise to yield point elongation. Stretcher 
strain is not generated on the battery can processed from the sheet by drawing and ironing processing. Thus, the 
battery can looks fine. 

50 Continuous annealing performed subsequent to cold rolling reduces manufacturing period of time, thus reducing 

manufacturing cost. In particular, the continuous annealing of the very low steel plate having plated layers on the upper 
and lower surfaces thereof reduces manufacturing period of time and manufacturing cost because the steel plate and 
the plated layers are simultaneously annealed. 

In the continuous annealing, heat is uniformly distributed to the steel plate and it is unnecessary to form a film on 
55 the surface of th steel plate. Therefore, the surfaces of the ste I plate can be prevented from being deteriorated and 
hence battery cans be manufactured at a high yield. 

The hard nickel-plated layer is formed on the surface of the sheet to be disposed on the inner surface of the 
cylindrical wall of the battery can. Therefore, in drawing the sheet, the hard nickel-plated layer is cracked randomly 
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lengthwise, widthwise, and obliquely. That is, wedge-shaped cracks are formed in th hard nickel-plated layer Con- 
sequently, the surface area of the inner surface of the battery can be increased and thus contact resistance of the inner 
surface of the battery can to filler is reduced, thus improving the electrical performance of the battery can. 

The bright nickel-plated layer is formed on the surface of the steel plate to b disposed on the outer surfac of the 
s cylindrical wall of the battery can. The surfaces of the Fe-Ni diffusion layers are made to be bright by adjusting pressure- 
reducing percentage to an appropriate value in refining rolling. Thus, the battery can looks fine. Further, the thin Fe- 
Ni diffusion layers are formed on both surfaces of the cold-rolled plate so that the battery can is corrosion-resistant 
and has a superior electrical performance. 

In addition, because the metal of the nickel-plated layers formed on both surfaces of the steel plate has a granular 
10 structure, the nickel-plated layers have a preferable ductility and thus are resistant to being curved. Therefore, the 
battery can is corrosion-resistant. 

The metal of the steel plate can be allowed to have a granular structure owing to the continuous annealing per- 
formed subsequent to the plating process. Therefore, the elongation degree of the plated steel plate can be allowed 
to be more than a required value, and the difference between the elongations in the lengthwise, widthwise, and the 
75 oblique directions of the steel plate can be made to be less than a predetermined value. Accordingly, the thickness of 
the sheet can be favorably reduced in drawing and ironing process and in addition, earring can be prevented from 
being generated on the upper end of the cylindrical wall of the battery can. 

Therefore, battery cans can be manufactured at a high yield and thus at a low cost. 

The steel plate is cold-rolled at a rolling percentage of 80-90 depending on the kind of steel so that the in-plane 
20 anisotropy Ar is less than 0.15. The axes of a pair of work rolls which contacts the steel plate being cold-rolled form a 
predetermined angle so as to make the thickness of the steel plate uniform in the width direction thereof. Therefore, 
in drawing and ironing the sheet comprising the steel plate, earring can be prevented from being generated at the 
upper end of the wall of the battery can and hence, the sheet can be processed into the battery can at a high yield and 
the battery can can be manufactured at a low cost. 
2S in the conventional material of the battery can, the difference between the highest portion and the lowest portion 

of the cylindrical wall of the battery can is approximately 5mm. Thus, it is necessary to cut the wall by this length 
therefrom. As a result, the height of the battery can is 52mm, whereas in the sheet according to the present invention, 
the difference between the highest portion and the lowest portion of the cylindrical wall of the battery can is approxi- 
mately 2mm. As a result, the height of the battery can is 55mm, i.e., the battery can according to the present invention 
30 is longer than the conventional battery can by 5.45%. 

Both sides of heat-rolled slab is heated in the width direction thereof by the heating means. As a result, the metallic 
structure on both sides of the plate formed in the cold rolling and refining rolling is composed of equiaxial grains in the 
width direction thereof. 

The surface roughness of the sheet is high by 5-10 times as large as that of the conventional sheet Therefore, 
35 the roughness-increased surface of the steel plate allows a larger amount of lubricating oil to be applied thereto and 
functions as an oil reservoir. Accordingly, lubricating oil can be held on the surface of the steel plate even in blanking 
and drawing processes, thus reducing the friction coefficient of the sliding-contact surface between the die and the 
punch. 

Consequently, the die and that of the punch are durable and the sheet can be deep-drawn at a high speed due to 
40 the reduction of the friction coefficient of the sliding-contact surface between the die and the punch. 



Claims 

45 1. A battery can, which is cylindrical and open in one end thereof and formed by drawing and ironing, comprising 
a cylindrical wall and a bottom surface disposed at the other end thereof, 

in which the cylindrical wall and the bottom surface are composed of a steel plate annealed and cold-rolled at 
rolling percentage of 80-90% and having a plated layer formed on each surface of said cold-rolled plate; 

so 

characterized in that 

the plated steel plate has in-plane anisotropy Ar of less than ±0. 15, representing the difference among Lank- 
ford values (r), where 

Ar = (r x + r y )/2 - r z 

in which r x is a width deformation degree in a lengthwis direction thereof/a thickness deformation degree in the 
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lengthwise direction thereof, r y is a width deformation degree in a widthwise direction thereof/a thickness defor- 
mation degree in the widthwise direction thereof, and r z is a width deformation degree in an oblique direction 
thereof/a thickness deformation degree in the oblique direction thereof. 

2. The battery can as defined in claim 1, wherein the plated steel plate has Lankford valu s (r x , r y! r 2 ) which are a 
width deformation degree in a lengthwise direction thereof/a thickness deformation degree in the lengthwise di- 
rection thereof, a width deformation degree in a widthwise direction thereof/a thickness deformation degree in the 
widthwise direction thereof, a width deformation degree in an oblique direction thereof/a thickness deformation 
degree in the oblique direction thereof, respectively, of more than 1.2. 

3. The battery can as defined in claim 1 , wherein all metallic structure of the steel plate is composed of equiaxial grain. 

4. The battery can as defined in claim 1 , wherein the plated layer is Ni plated layer. 

5. The battery can as defined in claim 1, wherein a metallic structure of the plated layer is composed of granualar 
structure. 

6. The battery can as defined in claim 5, wherein the plated layer is Ni plated layer. 

7. The battery can as defined in claim 1 , wherein the plated layers are formed on both surfaces of the steel plate via 
steel metal-plated metal diffusion layers. 

8. The battery can as defined in claim 7, wherein the plated layers are Ni plated layers and the diffusion layers are 
Fe-Ni diffusion layers. 

9. The battery can as defined in claim 1 , wherein the plated layer formed on an inner surface of the cylindrical wall 
is made of a hard plated layer having a plurality of cracks so that a contact area between the inner surface and 
filler to be charged into a hollow space surrounded with the cylindrical wall and the bottom surface is great. 

10. The battery can as defined in claim 1, wherein the plated layer formed on an outer surface of the cylindrical wall 
is made of a bright plated layer. 

11. A sheet, for forming by drawing and ironing a battery can which is cylindrical and open in one end thereof and 
comprises a cylindrical wall and a bottom surface disposed at the other end thereof, comprising 

a steel plate annealed and cold-rolled at rolling percentage of 80-90% and having a plated layer formed on 
each surface thereof, in which the plated steel plate has an in-plane anisotropy Arof less than ±0. 1 5, representing 
the difference among Lankford values (r), where 

Ar = (r x + r y )/2 - r 2 

in which r x is a width deformation degree in a lengthwise direction thereof/a thickness deformation degree in the 
lengthwise direction thereof, r y is a width deformation degree in a widthwise direction thereof/a thickness defor- 
mation degree in the widthwise direction thereof, and r 2 is a width deformation degree in an oblique direction 
thereof/a thickness deformation degree in the oblique direction thereof. 

12. The sheet as defined in claim 11 , wherein the plated steel sheet has Lankford values (r x , r y , r 2 ) which are a width 
deformation degree in a lengthwise direction thereof/a thickness deformation degree in the lengthwise direction 
thereof, a width deformation degree in a widthwise direction thereof/a thickness deformation degree in the width- 
wise direction thereof, a width deformation degree in an oblique direction thereof/a thickness deformation degree 
in the oblique direction thereof, respectively, of more than 1.2. 

13. The sheet as defined in claim 11 , wherein all metallic structure of the steel plate is composed of equiaxial grain. 

14. The sheet as defined in claim 11 , wherein Ni plated layers are formed on an upper and lower surface of the steel 
plate. 

1 5. The sheet as defined in claim 11 , wherein a metallic structure of the plated layer is composed of granular structure. 
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16. The sheet as defined in claim 15, wherein the plated lay r is Ni plated layer. 

17. The sheet as defined in claim 11 , wherein the plated layers are formed on both surface of the steel plat via a steel 
metal-plate metal diffusion layers. 

5 

18. The sheet as defined in claim 17, wherein the plated layers are Ni plated layers and the diffusion layers are Fe-Ni 
diffusion layers. 

1 9. The sheet as defined in claim 1 1 wherein the plated layer formed on an upper or lower surface of the plate is made 
10 of a hard plated layer having a plurality of cracks. 

20. The sheet as defined in claim 11 1 herein the plated layer formed on an upper or lower surface of the cold-rolled 
steel plate is made of a bright plated layer. 

is 21. The sheet as defined in claim 11, wherein a surface roughness (Ra) of the plated layer formed on an upper and 
lower surfaces of the steel plate is 0.5um-1.2um 

22. The sheet as defined in claim 11 , wherein the steel plate contains carbon at less than 0.009wt%. 

20 23. The sheet as defined in claim 11 , wherein the sheet is continuous and coiled. 

24. A method for manufacturing a sheet for forming by drawing and ironing a cylindrical battery can which is open in 
one end thereof comprising the steps of: 

25 hot-rolling a slab or steel plate; 

cold-rolling the hot-rolled plate at rolling percentage of 80-90% according to the kind of steel, whereby the 
steel plate has Lankford values (r x , r y , r z ) which are a width deformation degree in a lengthwise direction 
thereof/a thickness deformation degree in the lengthwise direction thereof, a width deformation degree in a 
widthwise direction thereof/a thickness deformation degree in the widthwise direction thereof, a width defor- 

30 mation degree in an oblique direction thereof/a thickness deformation degree in the oblique direction thereof, 

respectively, of more than 1.2, wherein the in-plane anisotropy Ar defined as 

Ar = (r x + r y )/2 - r z 

35 

is less than 0.15 annealing the cold-rolled steel plate; and 

forming plated layers on an upper and lower surfaces of the steel plate. 

25. A method for manufacturing a sheet for forming by drawing and ironing a cylindrical battery can which is open in 
40 one end thereof, comprising the steps of: 

hot-rolling a slab or steel plate; 

cold-rolling a hot rolled steel plate at rolling percentage of 80-90% according to the kind of steel, whereby the 
steel plate has Lankford values (r x , r y , r z ) which are a width deformation degree in a lengthwise direction 
4S thereof/a thickness deformation degree in the lengthwise direction thereof, a width deformation degree in a 

widthwise direction thereof/a thickness deformation degree in the widthwise direction thereof, a width defor- 
mation degree in an oblique direction thereof/a thickness deformation degree in the oblique direction thereof, 
respectively, of more than 1.2., and wherein the in-plane anisotropy Ar defined as 

so 

Ar = (r x + r y )/2 - r z 

is less than 0.15 forming plated layers on an upper and lower surface of a cold-rolled steel plate, and 
annealing a non-annealed rolled steel plate on which the plated layers have been formed. 

55 

26. The method for manufacturing a sheet as defined in claim 24 or claim 25, comprising the steps of; 

heating the steel plate so that both sides of the plate in the width direction thereof are cooled faster than the 
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center portion in coiling the sheet in the hot-rolling step; 
cold-rolling the steel plate at a rolling precentage of 80-90%; and 

annealing the cold-rolled plate so that the metallic structure thereof is composed of equiaxial grains. 

5 27. The method for manufacturing a sheet as defined in claim 24 or claim 25, wherein an upper and lower surfaces 
of the non-annealed cold-roll d steel is plated, and wherein on the successiv annealing, the plated steel plate 
changes the structure of the plated layer from an acicular structure to a granular structure, and steel metal-plate 
metal diffusion layers between the cold-rolled steel plate and both plated layers are formed. 

io 28. The method for manufacturing a sheet as defined in claim 27, the plated layer is Ni plated layer and the diffusion 
layers are Fe-Ni diffusion layers. ' 

29. The method for manufacturing a sheet as defined in claim 24 or claim 25, wherein a surface of the steel plate is 
roughened at the cold-rolling step so that a roughness (Ra) of the surface thereof is 0.5u.m - 1.2u.m, and a plated 

is layer in a uniform thickness is formed on the surface of the cold-rolled plate at the forming so that the roughness 

of the surface of the plated layer is equal to that of the surface of the steel plate. 

30. The method for manufacturing a sheet as defined in claim 24 or claim 25, wherein a plated layer is formed on the 
surface of the cold-rolled plate; and the plated layer is refined by means of a surface-roughened dull roll so that 

20 the surface roughness (Ra) of the plated layer is 0.5u,m-1 .2um 

Patentanspruche 

25 1 . Batteriebehalter, der zylindrisch und an einem Ende offen ist und durch Ziehen und Streckziehen gebildet wird, mit: 

einer zylindrischen Wand und einer Bodenoberflache, die am entgegengesetzten Ende angeordnet ist, 
• wobei die zylindrische Wand und die Bodenoberflachen aus einer Stahlplatte gebildet sind, die getempert ist 
und mit einem Walzprozentsatz von 80 bis 90% kaltgewalzt ist, und wobei auf jeder Oberflache der kaltge- 
30 walzten Platten eine plattierte Schicht ausgebildet ist; 

dadurch gekennzeichnet, daG 

die plattierte Stahlplatte eine in der Ebene liegende Anisotropie Ar von weniger als ±0,15 hat, welche die 
35 Differenz unter den Lankford-Werten (r) darstellt, wobei 

Ar = (r x + r y )/2-r z 

40 wobei r x gleich einem GroBendeformationsausmaB in Langsrichtung/DickendeformationsausmaB in Langs- 

richtung ist, 

r y gleich einem GroBendeformationsausmaB in Querrichtung/DickendeformationsausmaB in Querrichtung ist, 
und 

r z gleich einem GroBendeformationsausmaB in einer geneigten Richtung/DickendeformationsausmaB in der 
<5 geneigten Richtung ist. 

2. Batteriebehalter nach Anspruch 1 , 

bei dem die plattierte Stahlplatte Lankford-Werte (r x , r y , r^ groBer ais 1,2 hat, wobei diese ein GroBendeformati- 
onsausmaB in einer Langsrichtung/DickendeformationsausmaB in der Langsrichtung, ein Gro Ben deformations - 
50 ausmaB in der Querrichtung/DickendeformationsausmaB in der Querrichtung bzw. ein GroBendeformationsaus- 

maB in einer geneigten Richtung/DickendeformationsausmaB in der geneigten Richtung sind. 

3. Batteriebehalter nach Anspruch 1 , 

bei dem die gesamte metallische Struktur der Stahlplatte mit gleichgewichteter Kornung zusammengesetzt ist. 



55 



4. Batteriebehalter nach Anspruch 1 , 

bei dem die plattierte Schicht ine plattierte Nickelschicht ist. 
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Batteriebehalter nach Anspruch 1, 

bei dem die metallische Struktur der plattierten Schicht aus einer granularen Struktur zusammengesetzt ist. 
Batteriebehalter nach Anspruch 5, 

bei dem die plattierte Schicht eine plattierte Nickelschicht ist. 
Batteriebehalter nach Anspruch 1, 

bei dem die plattierten Schichten auf beiden Oberflachen der Stahlplatte mittels stahlmetallplattierten Metalldiffu- 
sionsschichten gebildet sind. 

Batteriebehalter nach Anspruch 7, 

bei dem die plattierten Schichten plattierte Nickelschichten sind und wobei die Diffusionsschichten Fe-Ni-Diffusi- 
onsschichten sind. 

Batteriebehalter nach Anspruch 1 , 

bei dem die plattierte Schicht, die an der inneren Oberflache der zylindrischen Wand ausgebildet ist, aus einer 
hartplattierten Schicht mit einer Mehrzahl Bruchen gebildet ist, so daB die Kontaktflache zwischen der inneren 
Oberflache und dem Ful Innate rial, das in einen von der zylindrischen Wand und der Bodenoberflache umgebenen 
Hohlraum eingefullt wird, groG ist. 

Batteriebehalter nach Anspruch 1, 

bei dem die plattierte Schicht, die an der auBeren Oberflache der zylindrischen Wand ausgebildet ist, aus einer 
glanzplattierten Schicht gebildet ist. 

Blatt zur Ausbildung eines Batteriebehalters mittels Ziehen und Streckziehen, welcher zylindrisch und an einem 
Ende off en ist und eine zylindrische Wand und eine Bodenflache umfaGt, die einem anderen Ende angeordnet ist, 
mit: einer Stahlplatte, die getempert ist und mit einem Walzprozentsatz von 80 bis 90% kaltgewalzt ist und eine 
auf jeder Oberflache ausgebildete plattierte Schicht aufweist, wobei die plattierte Stahlplatte eine in der Ebene 
liegende Anisotropie Ar von weniger als ±0,15 hat, welche die Differenz der Lankford-Werte (r) darstellt, wobei 



Ar=(r x +r y )/2-r 2 

wobei 



r x gleich einem GroBendeformationsausmaB in Langs richtung/DickendeformationsausmaB in Langsrichtung 
ist, 

r y gleich einem GroBendeformationsausmaB in Querrichtung/DickendeformationsausmaB in Querrichtung ist 
und 

r z gleich einem GroBendeformationsausmaB in einer geneigten Richtung/DickendeformationsausmaB in der 
geneigten Richtung ist. 

Blatt nach Anspruch 11, 

bei dem das plattierte Stahlblatt Lankfordwerte (r x , r y , r z ) groBer als 1 ,2 hat, wobei diese gleich einem GroBende- 
formationsausmaB in einer Langsrichtung/ DickendeformationsausmaB in der Langsrichtung, einem GroBende- 
formationsausmaB in einer Querrichtung/ DickendeformationsausmaB in der Querrichtung bzw. einem GroBen- 
deformationsausmaB in einer geneigten Richtung/ DickendeformationsausmaB in der geneigten Richtung sind. 

Blatt nach Anspruch 11, 

bei dem die metallische Struktur der Stahlplatte aus mit gleichgewichteter Komung zusammengesetzt ist. 
Blatt nach Anspruch 11, 

bei dem plattierte Nickelschichten auf der oberen und unteren Oberflache der Stahlplatte ausgebildet sind. 
Blatt nach Anspruch 11, 

bei dem eine metallische Struktur der plattierten Schicht aus einer granularen Struktur zusammengesetzt ist. 
Blatt nach Anspruch 15, 
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bei dem di plattierte Schicht eine plattierte Nickelschicht ist. 

17. Blatt nach Anspruch 11, 

bei dem die plattierten Schichten auf beiden Seiten der Stahlplatte mittels stahlmetallplattierter Metalldiffusions- 
schichten ausgebildet sind. 

18. Blatt nach Anspruch 17, 

bei dem die plattierten Schichten plattierte Nickel-Schichten sind und die Diffusionsschichten Fe-Ni-Diffusions- 
schichten sind. 

19. Blatt nach Anspruch 11, 

bei dem die plattierte Schicht, die an der oberen Oder unteren Oberflache der Platte ausgebildet ist, aus einer 
hartplattierten Schicht mit einer Mehrzahl von Bruchen ausgebildet ist. 

20. Blatt nach Anspruch 11, 

bei dem die auf der oberen oder unteren Oberflache der kaltgewalzten Stahlplatte ausgebildete Schicht aus einer 
glanzplattierten Schicht gebildet ist. 

21. Blatt nach Anspruch 11, 

bei dem die Oberflachenrauhigkeit (Ra) der auf der oberen oder unteren Oberflache der Stahlplatte ausgebildeten 
Schicht gleich 0,5 u.m-1 ,3 ujtti ist. 

22. Blatt nach Anspruch 11, 

bei dem die Stahlplatte wenigerals 0,009 Gew% Kohlenstoff enthalt. 

23. Blatt nach Anspruch 11, 

bei dem das Blatt durchgehend und aufgewickelt ist. 

24. Verfahren zur Herstellung eines Blatts zur Ausbildung eines zylindrischen Batteriebehalters mittels Ziehen und 
Streckziehen, welcher an einem Ende offen ist, mit den Schritten: 

HeiGwalzen einer Walzplatte oder einer Stahlplatte; 

Kaltwalzen der heiGgewalzten Platte mit einem Walzprozentsatz von 80 bis 90% entsprechend der Stahlsorte, 
wobei die Stahlplatte Lankford-Werte (r x , r y , r z ) groGer als 1,2 hat, welche jeweils gleich einem GroGendefor- 
mationsausmaG in einer Langsrichtung/DickendeformationsausmaB in der Langsrichtung, einem GroGende- 
formationsausmaB in der Querrichtung/DickendeformationsausmaG in der Querrichtung bzw. einem GroGen- 
deformationsausmaB in einer geneigten Richtung/DickendeformationsausmaG in der geneigten Richtung sind, 
wobei die in der Ebene liegende Anisotropic Ar, die als: 

Ar = (r x +r y )/2-r z 

definiert ist, kleiner als 0,15 ist, 

Tempern der kaltgewalzten Stahlplatte und 

Ausbilden plattierter Schichten auf der oberen und unteren Oberflache der Stahlplatte. 

25. Verfahren zur Herstellung eines Blattes zur Ausbildung eines zylindrischen Batteriebehalters durch Ziehen und 
Streckziehen, der an einem Ende offen ist, mit den Schritten: 

HeiGwalzen einer Walzplatte oder einer Stahlplatte; 

Kaltwalzen der heiGgewalzten Stahlplatte mit einem Walzprozentsatz von 80-90% entsprechend der Stahls- 
orte, wobei die Stahlplatte Lankford-Werte (r x , r y , r z ) groGer als 1,2 hat, die jeweils gleich einem GroGende- 
formationsausmaG in einer Langsrichtung/DickendeformationsausmaG in der Langsrichtung, einem GroGen- 
deformationsausmaG in der Querrichtung/DickendeformationsausmaG in der Querrichtung bzw. einem Gro- 
GendeformationsausmaG in einer geneigten Richtung/DickendeformationsausmaG in der geneigten Richtung 
sind, und wobei die in der Ebene liegende Anisotropie Ar, die als 
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Ar ~ ( r x +r y) /2 * r z 

definiert ist, kleiner als 0,15 ist, 
s Ausbilden plattierter Schichten auf einer oberen und unteren Oberflache der kaltgewalzten Stahlplatt , und 

Tempern der nichtgetemperten gewalzten Stahlplatte, auf der die plattierten Schichten ausgebildet sind. 

26. Verfahren zur Herstellung eines Blatts nach Anspruch 24 oder 25 mit den Schritten: 

'0 Erwarmen der Stahlplatte, so daB beim Abkuhlen der Platte in dem HeiGwalzschritt beide Seiten der Platte in 

der Querrichtung schneller abkuhlen als der Mittelabschnitt; 
Kaltwalzen der Stahlplatte mit einem Walzprozentsatz von 80-90%; und 

Tempern der kaltgewalzten Platte, so daB die Metallstruktur mit gleichgerichteter Komung zusammengesetzt 
ist. 

75 

27. Verfahren zur Herstellung eines Blatts nach Anspruch 24 oder 25, . 

wobei eine der oberen und unteren Oberflachen des nichtgetemperten kaltgewalzten Stahls plattiert wird und 
wobei beim sukzessiven Tempern die plattierte Stahlplatte die Struktur der plattierten Schicht von einer nadelfor- 
migen Struktur auf eine Kornstruktur andert, und wobei stahlmetallplattierte Metalldiffusionsschichten zwischen 
20 der kaltgewalzten Stahlplatte und beiden plattierten Schichten ausgebildet werden. 

28. Verfahren zur Herstellung eines Blatts nach Anspruch 27, 

bei dem die plattierte Schicht eine plattierte Nickelschicht ist, und die Diffusionsschicht Fe-Ni-Diffusionsschichten 
sind. 

25 

29. Verfahren zur Herstellung eines Blatts nach Anspruch 24 oder 25, 

bei dem eine Oberflache der Stahlplatte bei dem Kaltwalzschritt aufgerauht wird, so da3 eine Rauhigkeit (Ra) der 
Oberflache von 0,5 ujti - 1 ,2 jam vorliegt, und wobei beim Herstellen eine plattierte Schicht mit einer gleichmaBigen 
Dicke auf der Oberflache der kaltgewalzten Platte ausgebildet wird, so daB die Rauhigkeit der Oberflache der 
30 plattierten Schicht gleich jener der Oberflache der Stahlplatte 1st. 

30. Verfahren zur Herstellung eines Blatts nach Anspruch 24 oder 25, 

bei.,dem eine plattierte Schicht auf der Oberflache der kaltgewalzten Platte ausgebildet wird und die plattierte 
Schicht mittels einer oberflachenaufgerauhten Matt ie rungs roll e bearbeitet wird, so daB die Oberflachenrauhigkeit 
3S (Ra) der plattierten Schicht gleich 0,5 jim - 1 ,2 |±m ist. 



Revendications 

40 1. Enveloppe de cellule electrochimique, qui est cylindrique et ouverte a une extremity et qui est formee par embou- 
tissage et refoulement, comprenant 

une paroi cylindrique et une surface de fond placee a {'autre extremite, 

dans laquelle la paroi cylindrique et la surface de fond sont composers d'une tole recuite et laminee a froid 
45 avec un pourcentage de laminage de 80 a 90 % et ayant une couche d6posee formee a chaque surface de 

la tole laminee a froid, 

caracterisee en ce que 

la tole laminae a froid a une anisotropie dans le plan Ar inferieure a ±0,15, representant la difference entre 
so les valeurs de Lankford (r), telle que 

Ar = (r x + r y )/2-r z 

ss r x 6tant un degre de deformation en largeur dans une direction tongitudinale/un degr6 de deformation en 6paisseur 

dans la direction longitudinal , r y etant un degre de deformation en largeur dans la direction de la largeur/un degr6 
de deformation en §paisseur dans la direction de la largeur, et r z etant un degr6 de deformation en largeur en 
direction oblique/un degre de deformation en epaisseur en direction oblique. 
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2. Enveloppe selon la revendication 1, dans laquelle la tole revetue a des valeurs de Lankford (r x , r y , r z ) qui sont un 
degre de deformation en largeur dans une direction longitudinale/un degre de deformation en epaisseur en dir c- 
tion longitudinale, un degre de deformation en largeur dans la direction de la direction de la largeur/un degre de 
deformation en epaisseur dans la direction de la largeur, un degre de deformation en largeur en direction oblique/ 
un degre de deformation en epaisseur en direction oblique respectivement, qui sont superieures a 1,2. 

3. Enveloppe selon la revendication 1, dans laquelle la structure metallique de la tole est composee de grains 
equiaxiaux. 

4. Enveloppe selon la revendication 1 , dans laquelle la couche deposee est une couche de nickel. 

5. Enveloppe selon la revendication 1, dans laquelle la structure metallique de la couche deposee est composee 
d'une structure granulaire. 

6. Enveloppe selon la revendication 5, dans laquelle la couche deposee est une couche deposee de nickel. 

7. Enveloppe selon la revendication 1 , dans laquelle les couches deposees sont formees sur les deux surfaces de 
ia tole par I'intermediaire de couches de diffusion entre racier et le metal de depot. 

8. Enveloppe selon la revendication 7, dans laquelle les couches deposees sont des couches deposees de nickel 
et les couches de diffusion sont des couches de diffusion Fe-Ni. 

9. Enveloppe selon la revendication 1, dans laquelle la couche deposee formee a une surface interne de la paroi 
cylindrique est formee d'une couche dure deposee ayant plusieurs fissures afin qu'une surface de contact entre 
la surface interne et le materiau de remplissage, destine a etre place dans un espace entoure par la paroi cylin- 
drique et la surface inferieure, soit grande. 

10. Enveloppe selon la revendication 1, dans laquelle la couche deposee formee a une surface externe de la paroi 
cylindrique est formee d'une couche deposee brillante. 

11. T6le destinee a la formation, par emboutissage et refoulement, d'une enveloppe de cellule electrochimiquequi 
est cylindrique et ouverte a une premiere extremite et qui comporte une paroi cylindrique et une surface de fond 
placee a I'autre extremite, comprenant 

une tole recuite et laminee a froid avec un pourcentage de laminage de 80 a 90 % et ayant une couche 
deposee formee a chaque surface, la tole revetue possedant une anisotropie dans le plan Ar qui est inferieure a 
±0,15, representant la difference entre les valeurs de Lankford (r), telle que 

Ar=(r x + r y )/2-r 2 

r x 6tant un degre de deformation en largeur dans une direction longitudinale/un degre de deformation en epaisseur 
dans la direction longitudinale, r y etant un degre de deformation en largeur dans la direction de la largeur/un degre 
de deformation en epaisseur dans la direction de la largeur, et r z etant un degre de deformation en largeur en 
direction oblique/un degre de deformation en epaisseur en direction oblique. 

12. Tole selon la revendication 11 , dans laquelle la tole revetue a des valeurs de Lankford (r x , r y , r 2 ) qui sont un degre 
de deformation en largeur dans une direction longitudinale/un degre de deformation en epaisseur en direction 
longitudinale, un degre de deformation en largeur dans la direction de la largeur/un degre de deformation en 
epaisseur dans la direction de la largeur, un degre de deformation en largeur en direction oblique/un degre de 
deformation en epaisseur en direction oblique respectivement, qui sont superieures a 1 s 2. 

13. Tole selon la revendication 11, dans laquelle toute la structure metallique de la tole est composee de grains 
equiaxiaux. 

14. Tole selon la revendication 11 , dans laquelle les couches deposees de nickel sont formees sur une surface supe- 
rieure et une surfac inferieure de la tole. 

15. Tole s Ion la revendication 11 , dans laquelle une structure metallique de la couche deposee est composee d'une 
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structure granulaire. 

16. T6!e selon la revendication 15, dans laquelle ta couche deposee est une couche deposee de nickel. 

17. Tole selon la revendication 11, dans laquelle les couches deposees sont formees aux deux surfaces de la tole 
avec interposition de couches de diffusion entre racier et le metal deposed 

18. Tole selon la revendication 17, dans laquelle les couches deposees sont des couches deposees de nickel et les 
couches de diffusion sont des couches de diffusion de Fe-Ni. 

19. Tole selon la revendication 11 , dans laquelle la couche deposee formee sur une surface superieure ou inferieure 
de la tole est formee d'une couche deposee dure ayant des fissures. 



20. Tole selon la revendication 11, dans laquelle la couche deposee formee sur les surfaces superieure ou inferieure 
de la tole laminee a froid est sous forme d'une couche deposee brillante. 

21 . Tole selon la revendication 1 1 , dans laquelle la rugosite de surface (Ra) de la couche deposee formee aux surfaces 
superieure et inferieure de la tole est comprise entre 0,5 et 1,2 urn 



20 22. Tole selon la revendication 11, dans laquelle la tole contient du carbone a raison d'au moins 0,009 % en poids. 
23. Tole selon la revendication 11 , dans laquelle la tole est continue et est enroulee. 



24. Procede de fabrication d'une tole destinee a la formation par emboutissage et refoulement d'une enveloppe cy- 
lindrique de cellule electrochimique qui est ouverte a une premiere extremite, comprenant les etapes suivantes : 

le laminage a chaud d'une brame ou d'une tole, 

le laminage a froid de la tole laminee a chaud avec un pourcentage de laminage de 80 a 90 % suivant le type 
d'acier, de maniere que la tole ait des valeurs de Lankford (r x , r y , r z ) qui sont un degre de deformation en 
largeur en direction longitudinale/un degre de deformation en epaisseur en direction longitudinale, un degre 
de deformation en largeur dans la direction de la largeur/un degre de deformation en epaisseur dans la direc- 
tion de largeur, un degre de deformation en largeur en direction oblique/un degre de deformation en epaisseur 
en direction oblique respectivement depassant 1 ,2, et I'anisotropie dans le plan Ar, definie par la relation 

Ar = (r x + r y )/2 - r 2 



est inferieure a 0,15, 
le recuit de la tole laminee a froid, et 
40 la formation des couches deposees sur les surfaces superieure et inferieure de la tole. 

25. Procede de fabrication d'une tole destinee a la formation par emboutissage et refoulement d'une enveloppe cy« 
lindrique de cellule electrochimique qui est ouverte a une premiere extremite, comprenant les etapes suivantes : 

45 le laminage a chaud d'une brame ou d'une tole, 

le laminage a froid de la tole laminee a chaud avec un pourcentage de laminage de 80 a 90 % suivant le type 
d'acier, de maniere que la tole ait des valeurs de Lankford (r x , r y! r 2 ) qui sont un degre de deformation en 
largeur en direction longitudinale/un degre de deformation en epaisseur en direction longitudinale, un degre 
de deformation en largeur dans la direction de largeur/un degre de deformation en epaisseur dans la direction 

50 de largeur, un degre de deformation en largeur en direction oblique/un degr6 de deformation en epaisseur en 

direction oblique respectivement depassant 1,2, et I'anisotropie dans le plan Ar, definie par la relation 

Ar= (r x + r y )/2- r 2 

55 

est inferieure a 0,15, 

la formation de couches deposees sur une surface superieure et une surface inferieure de la tole laminee a 
froid, et 
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le recuit d'une tdle laminee non recuite sur laquelle ont ete formees les couches deposees. 

26. Procede de fabrication d'une tdle selon la revendication 24 ou 25, comprenant les etapes suivantes : 

le chauffage de la tdle afin que les deux cotes de la tdle dans la direction de la largeur soient refroidis plus 

vite que la partie centrale lors de I'enroulement de la tole dans une etape de laminage k chaud, 

le laminage k froid de la tole avec un pourcentage de laminage compris entre 60 et 90 %, et 

le recuit de la tole laminae k froid de maniere que sa structure metallique soit composee de grains equiaxiaux. 

27. Procede de fabrication d'une tole selon la revendication 24 ou 25, dans lequel les surfaces superieure et inferieure 
de Tacier lamine k froid non recuit sont revetues, et, lors du recuit suivant, !a tole revetue change la structure de 
la couche deposee d'une structure aciculaire k une structure granulaire, et des couches de diffusion entre I'acier 
et le metal depose entre la tole laminee k froid et les deux couches deposees se forment. 

28. Procede de fabrication d'une tole selon la revendication 27, dans lequel la couche deposee est une couche de- 
posee de Ni et les couches de diffusion sont des couches de diffusion Fe-Ni. 

29. Procede de fabrication d'une tole selon la revendication 24 ou 25, dans lequel une surface de la tole est depolie 
dans une etape de laminage k froid de maniere que la rugosite (Ra) de sa surface soit comprise entre 0,5 et 1 ,2 
u,m, et une couche deposee d'epaisseur uniforme est formee k la surface de la tole laminee k froid lors de sa mise 
en forme de maniere que la rugosite de la surface de la couche deposee soit egale k celle de la surface de la tole. 

30. Procede de fabrication d'une tole selon la revendication 24 ou 25, dans lequel la couche deposee est formee k la 
surface de la tole laminee k froid, et la couche deposee est affinee par un cylindre emousse k surface depolie afin 
que la rugosite de surface (Ra) de la couche deposee soit comprise entre 0,5 et 1,2 um 
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Fig. 5 Prior Art 
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